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Firefighters often have a high prevalence of obesity, which may accelerate fatigue.  This 
study examined whether obesity or stress impaired neuromuscular performance.  Twenty-two 
normal weight (NW) and eleven obese (OB) participants completed isometric maximal voluntary 
contractions (MVCs) of the leg extensors followed by a 20%MVC fatiguing task and five 
recovery MVCs in a control and a stressor (mental math) session. Sessions were randomized, in 
a counterbalanced design.  Cardiovascular, perceptual, and surface electromyographic measures 
were assessed throughout the protocol.  Repeated measures mixed models (controlling for age) 
results revealed OB firefighters exhibited greater fatigability (P = 0.040) and decreased 
steadiness (P = 0.035) compared to NW firefighters in both sessions.  Stress decreased 
fatigability (P = 0.002) and steadiness (P = 0.004) in both groups.  These results suggest that 
obesity and stress influence neuromuscular performance in firefighters.  In an exploratory 
analysis, exercise and eating healthy behaviors and habits of firefighters were assessed.  
Firefighters demonstrated a low frequency of meeting eating healthy recommendations and a 
moderate to high frequency of meeting exercise habits.  Intention, self-efficacy, and attitudes 
may be important behavioral constructs to explore given a larger firefighter cohort as they were 
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Firefighters are critical members of the public safety sector, ensuring the safety of the 
community.  As of 2015, there were approximately 345,600 career firefighters protecting the 
majority of the United States (U.S.) population.1  Due to the dangerous and strenuous nature of 
their jobs, and demanding work schedules (e.g. 24-hour shifts), they experience significant work-
related fatigue resulting in one of the highest rates of occupational injuries,2 with an estimated 
cost between $2.8 - $7.8 billion dollars.3  It has been estimated that work-related fatigue has been 
linked to a majority of the fatal (69%) and non-fatal (48%) injuries in the fire service.4,5   
Additional public health concerns exist among firefighters with recent studies suggesting 
that the prevalence of overweight and obesity in the fire service is higher than the general public 
(>75%).6  Obesity may contribute to work-related fatigue seen among firefighters and the 
subsequent increased risk of musculoskeletal injury7 and poor performance during firefighting 
tasks.8  Obese adults often exhibit differences in sympathetic activation compared to their normal 
weight peers and may be a potential factor in obesity-related issues.9  Previous studies have 
investigated neuromuscular differences between normal weight and obese individuals with obese 
individuals exhibiting shorter muscle endurance times,10-12 higher rates of strength loss,10,12 and 
declines in task performance.10  Muscle endurance times10-12 are used to assess fatigability, that 
is, how fast an individual is fatigued while performing muscle contractions.  In addition to 
assessing fatigability, authors examine how well individuals control their torque output, termed 
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steadiness or torque fluctuations.13,14  These neuromuscular assessments may provide important 
information about potential differences between normal weight and obese firefighters. Future 
well controlled studies are needed to determine if obesity specifically influences muscle 
fatigability and steadiness among firefighters. 
It is well understood that firefighting is a physically demanding career, however, due to 
the spontaneous and inherent danger associated with their job, it is also cognitively demanding.15  
For example, previous studies have found elevations in perceptual measures (thermal sensations, 
respiratory distress) and psychological measures (anxiety, tiredness, dysphoria) in firefighters 
performing live-fire activities.15,16  Most duties performed by firefighters require them to operate 
with additional cognitive stressors; for instance, making a quick decision on an exit strategy 
while rescuing a victim in a loud and hazardous environment.  The addition of a simultaneous 
acute stressor has also demonstrated significant increases in sympathetic activation which has 
been associated with alterations in motor performance.17  It is possible that acute cognitive 
stressors may negatively influence fatigability and steadiness in firefighters, and these affects 
may be accelerated in obese firefighters,18 which may have significant implications on potential 
injuries and performance. 
While firefighters face unique demanding work characteristics (e.g. shift work 
challenges, smoke exposure, alarm response, irregular and sometimes extreme physical exertion) 
that adversely affect their health,19 they are also reported to have sub-standard lifestyle 
characteristics (i.e., physical fitness levels6 and dietary patterns20,21).  Although these lifestyle 
characteristics are affected by non-modifiable work characteristics, exercise and dietary behavior 
determinants and habits are modifiable.19  Furthermore, there are no mandatory, punitive policies 
in the fire service reinforcing physical activity standards.22  Previous studies have sought to 
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understand why obesity is such a major public health concern in the fire service.23-25  Although 
qualitative studies23,24,26 have provided awareness into exercise and dietary habits in the fire 
service; there are no studies that explore differences in the exercise and dietary behaviors and 
habits (using the Theory of Planned Behavior [TPB] as a framework) between normal weight 
and obese firefighters.  Intrapersonal behavioral constructs from TPB such as intention, attitudes, 
self-efficacy, perceived behavioral control27,28 have been cited as important determinants to 
performing a designated habit (e.g. exercise, eating healthy).  The combination of exercise and 
diet has been the most effective way to prevent obesity;29  thus, understanding differences 
between normal weight and obese firefighters and whether exercise and dietary behavioral 
constructs may influence exercise and dietary habits, respectively, may help inform future 
interventions looking to reduce obesity in the fire service. 
Statement of Purpose 
Given the aforementioned high stress conditions of the occupation paired with the high 
prevalence of obesity in firefighters, the proposed study seeks to determine how obese 
firefighters may perform under stress in comparison to their normal weight counterparts. 
Furthermore, the proposed study seeks to determine how obese firefighters differ from their 
normal weight counterparts regarding their exercise and dietary behaviors and habits.  We are 
aware of no studies that have specifically examined potential differences in (1) muscle 
fatigability and steadiness, or (2) exercise and dietary behaviors between normal weight and 
obese career firefighters. Thus, the purpose of the present proposal is to determine if: (1) obesity 
impairs the time to task failure and torque fluctuations during a sustained submaximal 
contraction in career firefighters, which may be further exacerbated during a simultaneous 
stress condition, and (2) exercise and dietary behavioral constructs and habits are different for 
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obese firefighters and whether these behavioral constructs are associated with habits. These 
findings are critical to better understand how obesity and stress may influence neuromuscular 
function in career firefighters and provide insight on intrapersonal behavioral constructs and 
habits for exercise and diet. 
Specific Aims 
Specific Aim 1: To examine the influence of obesity and stress on fatigability (time to task 
failure) and steadiness (torque fluctuations) in career firefighters. 
Hypothesis 1: We hypothesized that obese firefighters would exhibit greater fatigability 
(decreased time to task failure) and greater torque fluctuations (decreased steadiness) 
compared to normal weight firefighters during an isometric fatiguing contraction. 
Furthermore, normal weight firefighters would show differences between the control and 
stressor condition; however, fatigability and torque fluctuations would further impair 
in the stress condition for the obese firefighters. 
Specific Aim 2: To examine the differences between normal weight and obese career firefighters 
in (2a) exercise and (2b) dietary behavior constructs (i.e., intention, attitudes, self-efficacy, 
perceived control) and (2c) exercise habits and (2d) dietary habits, and to determine associations 
and odds ratios for meeting (2e) exercise and (2f) dietary recommendations as a function of 
behavioral constructs while controlling for percent body fat (%BF). 
Hypothesis 2: We hypothesized that obese firefighters would demonstrate lower scores 
for intention, attitudes, self-efficacy, and perceived control to (2a) exercise and (2b) 
eat healthy, and (2c) lower exercise status, (2d) greater total energy intake, lower 
protein, lower fruit, lower vegetable, and lower fiber intake. There would be a direct 
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positive relationship (while controlling for %BF status) between: (2e) exercise status 
and each behavioral construct to exercise, (2f.1) protein intake, (2f.2) fruit intake, 
(2f.3) vegetable intake, (2f.4) fiber intake and each behavioral construct to eat 
healthy.  There would also be a direct negative relationship (while controlling for %BF 
status) between (2f.5) total energy intake and each behavioral construct to eat 
healthy. Higher scores on the behavioral constructs would show higher odds of meeting 
each recommendation. 
Independent Variables 
Specific Aim 1 
• Group (normal weight/obese) 
• Condition (control/stressor) 
• Time  
Specific Aim 2 
o Part 2a – 2d 
• Group (normal weight/obese) 
o Part 2e – 2f 
• Exercise and dietary behavioral constructs (i.e., intention, attitudes, self-efficacy, 
perceived control) 
• %BF status 
Dependent Variables 
Specific Aim 1 
o Primary Outcomes:  
• Time to task failure (i.e., fatigability) 
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• Coefficient of variation (CV) of torque (i.e., steadiness or torque fluctuations) 
o Secondary Outcomes: 
• Electromyographic (EMG) amplitude (i.e., muscle activation) 
• Median frequency (MDF)  
• Coactivation 
• Peak torque (PT) 
• Heart rate (HR) and pre-ejection period (PEP) 
• Rate of perceived exertion (RPE) 
• Anxiety and stress visual analog scale (VAS) scores 
Specific Aim 2 
o Part 2a – 2d 
• Exercise and dietary behavioral constructs (i.e., intention, attitudes, self-efficacy, 
perceived control) 
• Exercise and dietary habits (i.e., exercise status, total energy intake, protein intake, fruit 
intake, vegetable intake, fiber intake) 
o Part 2e- 2f 
• Exercise and dietary habits 
Limitations 
• Participant recruitment took place throughout various fire stations in the local area and 
included volunteers, therefore participant selection was not truly random 
• Participant strength testing may not translate to functional or occupational specific testing 
(e.g., stair climb) 
7 
 
• The sympathetic nervous system measurements (i.e., HR and PEP) may not fully represent 
the sympathetic nervous system response to stress 
Delimitations 
• Participants were current career firefighters within the age range of 18-45 years old 
• Participants were in the body mass index (BMI) category of 18.5-27.4 kg·m-2 or 30-50 
kg·m-2 
Assumptions 
• Participants provided accurate self-report data on the health and exercise history on the 
enrollment questionnaire 
• Participants gave maximal effort during the isometric strength testing and fatiguing 
contractions 
• All equipment was calibrated and accurate for all testing sessions 






REVIEW OF LITERATURE 
Background on the Fire Service: 
Firefighters are critical members of the public safety sector and are oftentimes exposed to 
dangerous environments.  As defined by the National Fire Protection Association (NFPA), career 
firefighters are: “…firefighters in public fire departments that protect people, their residences, 
and public buildings; they do not include firefighters working in private fire brigades, or for state 
and federal agencies.”1  The NFPA estimated 345,600 career firefighters were employed in 2015, 
which has steadily increased from 237,750 in 1986.1  This ~49% increase mirrored the ~49% 
increase in the number of fire departments that employ all or mostly career firefighters.1  These 
fire departments representing mostly career firefighters account for only ~15% of all departments 
yet protect ~65% of the U.S. population.1 Likely, this is due to most career firefighters being 
located in communities that protect ≥ 25,000 individuals.1  As of 2015, males accounted for 
95.4% of all career firefighters with the majority of firefighters in the age group of 30-39 years 
old (26.7%).1  While fire departments protecting larger communities have a higher proportion of 
firefighters 30-49 years of age, firefighters can range from 18 to 60 years old with the 
expectation to perform the same occupational duties.1  Firefighting is strenuous in nature, 
consisting of long shifts and physically demanding occupational and rescue-related tasks (i.e., 
climbing stairs, fire suppression activities, carryings victims). Subsequently, firefighters 
experience significant work-related fatigue resulting in one of the highest rates of occupational 
injuries.2  In addition, firefighters often have a high prevalence of obesity,6  which increases the 
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risk of musculoskeletal injury7 and poor performance during firefighting tasks.8  Because most 
firefighter duties must be performed with an additional cognitive stress (i.e., timely decision 
making), the profession is both physically and cognitively demanding.15   
Fatigability 
Fatigue is a broad term that is used to conceptualize: (1) fatigability and (2) perceptions 
of fatigue.30  Performance fatigability of the muscle may be attributed to muscle activation (i.e., 
voluntary activation, afferent feedback, neuromuscular propagation) and contractile function 
(i.e., calcium kinetics, force capacity, blood flow).30  On the other hand, perceptions of fatigue 
include homeostatic factors (i.e., blood glucose, core temperature, wakefulness) and 
psychological state (i.e., arousal, mood, motivation).30  Fatigability is quantified by the 
magnitude of decline in one or more aspects of motor performance such as skeletal muscle force, 
power, or reaction time.30  Specifically, skeletal muscle force can be measured in a number a 
scenarios such as during a prolonged task, during repeated contractions at a submaximal load, or 
when comparing performance before and after a fatigue inducing task.30-32 Oftentimes, 
perceptions of fatigue are measured during or following a fatigability measure (i.e., prolonged 
submaximal muscle contraction) for sensations like muscle pain or discomfort, or the perception 
of effort, which accompany muscle fatigue.33  Fatigability may occur in various locations 
between the brain and the muscle including the motor cortex, spinal activation of motoneurons, 
the neuromuscular junction, excitation contraction coupling, muscle metabolism, and cross-
bridge kinetics.34 Therefore, it is difficult to ascertain whether fatigability is due to “central” 
(brain and spinal cord) or “peripheral” (distal to the spinal cord) issues. 
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Central Fatigue Mechanisms 
Central fatigue, coined by Gandevia,35 describes the decline in voluntary activation 
during fatiguing muscle actions that occurs within the central nervous system (CNS). Several 
methods have been used to detect central fatigue.  Gandevia et al.35 argues the distinction 
between force from a maximal voluntary contraction (MVC) versus force that is maximally 
evoked.  For instance, a common method used is the twitch interpolation technique which 
involves either surface stimulation of the muscle, or electrical or magnetic stimulation of a 
peripheral nerve (e.g., femoral nerve) in conjunction with an MVC. The twitch interpolation 
technique uses a supramaximal stimulation to compare the evoked force (i.e. maximal force the 
muscle is capable of producing independent of central drive) with the force produced from an 
MVC.36   This allows investigators to determine whether impairments in voluntary drive are a 
factor in the reduction of muscle contractile force during and following fatiguing efforts.36  
Another method employed, which assesses spinal cord excitability, is the stimulation of 
peripheral, afferent nerves to measure the Hoffmann reflex, or H-reflex.31,37  The activation of 
the motoneurons in the spinal cord provokes a twitch response in the muscle which can be 
assessed with surface electromyography (EMG).37  Lastly, transcranial magnetic stimulation 
(TMS) is a technique that uses an magnetic field generator, placed over the motor cortex, to 
measure the connections between the CNS and the skeletal muscle which may detect lapses in 
cortical drive.38 
Previous studies demonstrate that central fatigue develops progressively throughout a 
prolonged isometric contraction.39-43  Regardless of testing a sustained MVC39 or intermittent 
MVCs throughout a submaximal isometric contraction,44 participants cannot continue to 
voluntarily activate the muscle at the previous optimal level despite providing maximal effort.  
Studies using both the twitch interpolation technique and TMS have found that declines in 
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voluntary force/torque are accompanied by increases in the superimposed twitches evoked by the 
stimuli to the motor nerve and motor cortex, respectively.39,44  An increase in the superimposed 
twitch evoked by stimulation of the motor nerve indicates that some motor units (MUs) are no 
longer being activated or firing at a rate to produce fused tetanus, whereas the increase in the 
superimposed twitch evoked by stimulation of the motor cortex indicates that voluntary output 
from the motor cortex has become inadequate.44 Mechanisms that have been suggested in regard 
to the motor nerve deficit include (1) a reduction in descending impluses to motoneurons and (2) 
inhibition or disfacilitation of the motoneuron pool through altered afferent input.40,45  For 
example, afferent (sensory) feedback from the fatigued skeletal muscle such as metabolite 
(inorganic phosphate [Pi], potassium [K+]) accumulation that may lead to discomfort or pain 
would inhibit motor neuron excitability.45  However, supraspinal mechanisms (i.e. premotor and 
motor cortex) also contribute as exhibited by motor cortical stimulation.39,46,47  
While the aforementioned methodology can be used to quantify central drive deficits, 
central drive remains difficult to study for several reasons. The ability to observe a difference in 
force from voluntary activation and a superimposed stimulus is dependent on whether 
participants are well motivated and familiarized with the task.48,49  Motivation is a major 
limitation as participant motivation can influence observable differences in MVCs if maximal 
effort is not provided.  In addition, the type of contraction influences MU recruitment, and 
therefore, fatigability is nonuniform when investigating dynamic and sustained contractions.50,51  
For instance, MU recruitment is higher during eccentric muscle actions when compared to 
repeated, concentric muscle actions.50,51   
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Peripheral Fatigue Mechanisms 
Peripheral fatigue typically refers to impaired neuromuscular propagation, excitation-
contraction coupling, and/or metabolic changes (e.g. depletion of glycogen, metabolite 
accumulation).52  The compound muscle action potential (M-wave) helps researchers understand 
peripheral fatigue, which occurs on EMG recordings when a supramaximal stimulus is applied.53  
There are a number of considerations when measuring the M-wave including [but not exhaustive 
to]: the type of EMG detection being used, anatomical features of the muscle (e.g., muscle fiber 
arrangement, subcutaneous fat thickness, distribution of MUs), contraction induced changes in 
the muscle architecture, muscle membrane properties, muscle temperature, and potential 
crosstalk from other tissues.54 Impaired neuromuscular propagation has been suggested to 
encompass the increase in recruitment threshold of axons, failure at the neuromuscular junction, 
and impaired sarcolemmal membrane excitability.54 Of these three propagation issues, 
sarcolemmal membrane excitability may be the most relevant as (1) using a supramaximal 
stimulus may decrease the likelihood that axons are inactive and (2) it is not clear whether 
human force generation is high enough to for electrical transmission to be blocked.54  A recent 
review54 suggests that the M-wave should be examined in different phases (first and second) 
when quantifying amplitude, duration, and area because these phases changed differently during 
and after fatiguing contractions. The authors54 suggest that while previous researchers have 
interpreted the decline in M-wave amplitude as impaired neuromuscular propagation, it may 
actually be due to changes in mechanical/architectural changes of the muscle when exerting 
maximal effort.  Studies using sustained continuous40,55-59 and repeated voluntary49,60-62 or 
electrically evoked63 submaximal isometric contractions found that M-wave properties of the 
muscle were limited or unchanged suggesting that the reduction in force production capacity 
after induced fatigue was due to downstream processes such as altered excitation-contraction 
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coupling. Specifically, this has been shown in the leg extensors.55-58  However, given the new 
recommendations of M-wave investigation,54 this could have implications on previous findings.  
The M-wave can be measured in conjunction resting twitches before and after a fatiguing task;64 
however, resting twitches have also been used as a standalone measurement to examine 
contractile properties.65 
As a result of the phosphocreatine system and anaerobic glycolysis, a number of 
metabolites can accumulate including Pi, lactate, and hydrogen ions (H+). Five potential 
mechanisms have been proposed for how Pi can impair contractile function.66,67 They are: (1) 
directly hindering cross bridge configuration to a high-force state; (2) reducing myofibrillar 
calcium (Ca2+) sensitivity; (3) increasing the probability of the sarcoplasmic reticulum 
Ca2+ release channels to be open; (4) inhibiting the uptake of Ca2+ by the sarcoplasmic reticulum; 
(5) Ca2+- Pi binding in the sarcoplasmic reticulum, which decreases the amount of Ca2+ available 
for release.66,67  It has been suggested that oxygen (O2) may determine the rate of Pi 
accumulation, which would modulate the onset of fatigue.68 That is, reductions in inspired 
O2 can increase phosphocreatine hydrolysis even when O2 consumption is submaximal.68,69 
The accumulation of lactic acid is often cited to induce muscle fatigability.70-72  With the 
rapid dissociation of lactic acid into lactate and H+ ions, the accumulation of H+ ions increases 
the acidity, or decreases the pH level within the muscle cells.72  Suggested effects of H+ are the 
reduction of the sensitivity of the myofibullar proteins to Ca2+, in turn decreasing cross-bridge 
cycling52 and the reduction of force per cross-bridge.73  Furthermore, increased buffering 
capacity has been reported as an adaptive mechanism to delay fatigue development.74  Yet, it has 
also been suggested that pH level does not have a large impact on the contractility of type II 
skeletal muscle fibers at temperatures closer to physiological standards (i.e. ~30 ºC).75-78 
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In addition to the accumulation of Pi and H+, the buildup of K+ and magnesium (Mg2+) 
may also impair excitation contraction coupling.  Due to repeated action potentials, accumulation 
of extracellular K+ depolarizes the sarcolemma and decreases the amplitude of the action 
potential.79  Subsequently, less Ca2+ may be released from the sarcoplasmic reticulum, or some 
fibers may not be excitable if threshold potential is not achieved80 thereby decreasing the force 
produced. Furthermore, the buildup of Mg2+ as adenosine triphosphate (ATP) is broken down 
inhibits the Ca2+ release channels in the sarcoplasmic reticulum.81 
Interestingly, caffeine has been used in fatigue studies57,82,83 as it is known to facilitate 
the release of Ca2+ from the sarcoplasmic reticulum. Eberstein and Sandown82 were the first to 
suggest that the reduction in excitation-contraction coupling was an important fatigue 
mechanism because caffeine could restore force production after fatigue.  Contrarily, caffeine 
has been used to demonstrate that regardless of Ca2+ concentration after fatigue, mechanical 
performance of the myofibrils is still affected.83 Therefore, myofibullar fatigue has also been 
suggested as a mechanism due to evidence that myofibullar function is dampened regardless of 
impaired excitation-contraction coupling or metabolite concentrations.83,84 
It is also important to note that force capacity of the muscle is sensitive to changes in 
cardiovascular, hemodynamic, and ventilatory responses.33  For instance, blood flow and 
O2 delivery may influence the rate of peripheral fatigue (i.e., decreases in blood flow and 
O2 increase the rate of fatigue).33  However, an increase in blood flow can decrease fatigability 
independent of O2 delivery, likely due to removal of metabolites.85  Furthermore, an increase in 
intramuscular pressure above systolic pressure during a contraction may occlude blow flow 
which disrupts removal of metabolites and O2 or substrate delivery.86  However, performance 
tasks such as sustained contractions below 15% MVC force, intermittent contractions, and 




Fatigability of a sustained contraction is dependent on the type of task (i.e., position, 
musculature, intensity).30,87-89  For instance, there are differences in fatigability between force 
tasks and position tasks.88,90   Time to task failure seems to be briefer during position tasks in 
which participants needed to maintain a specific joint position (e.g. 0º of flexion; neutral ankle) 
at the same intensity of the force task (e.g., 20% MVC) with an external load suspended from the 
foot.88  This was accompanied by greater force fluctuations, mean arterial pressure, HR, and 
rating of perceived exertion.88  It is possible that the shorter time to task failure during position 
tasks may be due to greater rates of inhibition and excitation of afferent neurons, suggesting 
central fatigue is more at play.90   
Muscle-specific differences can also influence fatigability based on fiber type 
composition and architecture.30,91  For example, muscle fibers of the vastus lateralis may be more 
type II in nature92 whereas muscle fibers of the soleus may be primarily type I in nature.93  In a 
meta-analysis by Frey Law and Avin regarding muscle-specific endurance time in static 
contractions,89 the plantar and dorsiflexors were the most fatigue resistant while the leg extensors 
and rotator cuff muscles where the most fatigable, which supports the aforementioned muscle-
specific differences.  In a study investigating time to task failure in four muscle groups, the 
plantar flexors were the most fatigue resistance and the only muscle group to have significant 
declines in voluntary activation.94  This may suggest that that central fatigue is more indicative of 
plantar flexor time to task failure, while peripheral fatigue is more indicative of time to task 
failure for the other muscle groups (elbow flexors, knee extensors, thumb adductors).94  
Endurance time differences between muscle groups was likely due to contractile properties rather 




 If an individual is performing a contraction regardless of what muscle is used, the force 
exerted fluctuates about an average value.95  These force (or torque) fluctuations are often 
referred to as steadiness or the control of force (greater fluctuations meaning decreased 
steadiness or control).  This variability about the mean is usually quantified as the standard 
deviation (SD; absolute) or the coefficient of variation (CV; relative), which varies dependent on 
the mean of the force exerted.95  Force fluctuations that occur during a voluntary contraction may 
influence the ability to achieve a desired force as well as the ability to produce an intended limb 
trajectory.13  Especially in a rapid, coordinated movement such as throwing a dart, a large 
activation signal is required, which increases the motor output variability, making it more 
difficult to move smoothly and accurately.13,96  The clinical (or for the purpose of this proposal, 
occupational) relevance is that force regulation at submaximal forces have implications on 
functional performance such as a history of falling97 and stair climb.98  For the successful 
completion of a task or goal-directed movement, force fluctuations must be accommodated for 
by the MU activation signals sent to the muscle.13  Steadiness is regulated by MU recruitment 
during muscle contraction, or the MU firing behavior.99  The firing behavior involves several 
aspects: discharge rate, the variability of discharge rate, MU synchronization, and common drive 
to MUs.100  It seems that increased force fluctuations induced by fatigue are central in origin, and 
are chiefly determined by an increase in the number of MUs recruited and/or an increase in 
discharge rate.101 
 Moritz et al.102 endeavored to quantify the influence of discharge rate variability on force 
fluctuations by comparing experimental measurements and computer simulation MU model of 
the first dorsal interosseous muscle (based on discharge characteristics from 38 MUs). In the 
experimental portion, force fluctuations were assessed using isometric contractions ranging from 
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2-95% MVC.102  There was a decrease in force fluctuations (4.9 to 1.5%) as force increased from 
2-15% MVC, but held constant at higher forces.102  After adjusting the MU simulation to this 
finding, there were no differences in the experimental force variability and the simulated model, 
further supporting that discharge rate variability is a major determinant in isometric force 
variability across the operating range of a muscle.102  At low force levels (2-5% MVC), most 
MUs exhibit high relative discharge rate variability, resulting in greater force fluctuations 
whereas at intermediate forces (15–50% MVC), most of the MUs have low relative discharge 
rate variability; therefore, force fluctuations are lessened.102  This trend continues at high forces 
(70–95% MVC), where all MUs are recruited and both discharge rate variability and force 
fluctuations are reduced.102 
Tracy et al.95 indicated that the relative discharge rate explained only 30% of the variance 
in force fluctuations for older adults.  Another factor to consider with discharge rates is whether 
neurons are low or high threshold. Likely due to axon diameter and membrane resistance, high-
threshold motor neurons reach greater discharge rates compared to low-threshold neurons.103 
Moritz et al.102 found that minimal and peak discharge rates were greater for high-threshold MUs 
as compared with low-threshold MUs. Nevertheless, these findings are inconsistent.104  
However, taken with other discharge characteristics (i.e. recruitment range, minimal and peak 
discharge rates) versus the discharge of a single MU, it is clear that motoneuron properties are 
interrelated.95,102  For instance, excitatory responses may be induced in multiple motoneurons 
simultaneously, termed MU synchronization.105  Yao et al.106 found that MU synchronization 
evoked a significant increase in EMG amplitude and reduced force steadiness using a simulated 
model. Motor unit synchrony has been found to increase during fatigue.107  
Even though the majority of studies have supported the notion that MU discharge rate 
variability influences the magnitude of force fluctuations,13,102,108 others have not,109 maintaining 
18 
 
that force fluctuations can be influenced by other factors.   These factors include: (a) the muscle 
group executing the task;13,110 (b) the type of contraction;13,111 (c) the intensity of the 
contraction;13,112 and (d) the physical activity status of the participant.13,97  Much of the literature 
is centered around the hand (i.e. first dorsal interosseous muscle),95,102,113 the knee 
extensors,110,114,115 with fewer studies focused on other muscle groups such as the and elbow 
flexors.116  Dynamic contractions, which are measured by the SD of acceleration, are comparable 
for slow concentric and eccentric contractions.117  Trial-to-trial variability tends to be greater for 
rapid eccentric contractions, with fluctuations greater at moderate-to-fast speeds.117  Similar to 
isometric contractions, fluctuations in acceleration during slow dynamic contractions are greater 
in the first dorsal interosseus as compared to the elbow flexors and knee extensors.118  The 
intensity (i.e. magnitude of force) of the contraction also exhibits an increase in SD of force with 
increased target force (i.e. higher percentage of MVC), which is unlike the aforementioned 
relationship of the relative force measurement.119,120  
Some studies support the finding that skills training and/or strength training can be 
effective at increasing steadiness in older adults.113,121  Torque steadiness has been noted as a 
predictor of functional performance.122-124  For example, force steadiness of the knee extensors is 
an independent predictor of chair rise time and stair climb power in older women when 
compared to strength.122   This may be because tasks requiring brief spurts of power and/or 
balance are related to force control.122  Postural control and joint positioning are also important 
factors regarding control of force.122   
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Considerations for Fatigability and Torque Fluctuations 
There are numerous considerations when measuring fatigability and torque fluctuations in 
various populations.  Notable considerations are obesity, stress (i.e., imposing a cognitive 
demand), age, and sex. See below for further detail.  
Obesity 
Greater fatigability has been reported with obesity.10,125  For instance, shorter endurance 
times and higher rates of strength loss have been observed during shoulder flexion tasks.10,125  
Obese individuals typically exhibit higher absolute isometric strength, but lower relative strength 
(to body mass) than their non-obese counterparts.126 While obese individuals may exhibit a 
higher proportion of fast-twitch (fatigable) muscle fibers, relative strength may attenuated due to 
the infiltration of fat (non-contractile tissue) in the muscle which would limit contractile 
properties.127,128  
A study by Pajoutan et al.65 investigated central and peripheral fatigue in obese and non-
obese individuals for sustained isometric fatiguing tasks (30% MVC, 60% MVC) of the deltoid.  
Central fatigue was quantified by % central activation ratio (pre-post), whereas peripheral fatigue 
was quantified as a decrease of muscle twitch amplitude (pre-post task relative to pre).65  
Interestingly, the authors found that obese individuals displayed higher central fatigue 
impairment, and trended toward lower peripheral fatigue impairment compared to their non-
obese counterparts.65   It was suggested that obese individuals may have had faster task 
termination, and thus terminate prior to experiencing a comparable peripheral fatigue to the non-
obese individuals.65  Similarly, the greater role of central fatigue in obese individuals has been 
reported in the lower extremity, for knee extensors126 and ankle dorsiflexors.129   While central 
fatigue seems to play a greater role in obesity based on the aforementioned studies,65,126,129 it is 
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important to note that peripheral factors such as the obesity-related decrease in capillary 
density130 and blood flow,131 and higher proportion of fast-twitch (fatigable) muscle fibers127 are 
also influential. 
It seems as though few studies have investigated obesity and force fluctuations, with one 
study examining the obesity-related differences in control of force and prefrontal cortex 
activation.132  Using intermittent handgrip and elbow flexion task at 30% MVC, obesity was 
associated with greater force fluctuations and lower prefrontal cortex activation for the handgrip 
but not the elbow flexors.132 This further indicates that neural correlates may be muscle-specific; 
however, the authors acknowledge that future work is warranted as this is a relatively unexplored 
area of research.132 
Cognitive Demand 
The influence of stress on low-intensity contractions, which are essential for daily 
functioning, has implications on musculoskeletal performance.  For instance, an acute stressor 
increases sympathetic outflow, which immediately affects motor control, and not always in a 
functionally advantageous manner.133  Sympathetic activation modulates skeletal muscle 
contractility133 and the discharge of numerous receptors (e.g., muscle spindles)134  and can 
decrease blood perfusion to skeletal muscles to maintain arterial blood pressure.135  
 Difficult mental math has been used as a high cognitive demand task136,137 as it is a 
recognized psychosocial technique to induce stress.138  A common method is serial subtraction 
from a four-digit number by 13, with a response required within 3 s.139  This method has been 
replicated several times.17,136,137,140  If the participant makes an error or is unable to provide the 
correct answer within this time frame, the mental math is restarted with the participant being 
prompted with a new four-digit number.136,137  Cardiovascular measures (i.e., HR and blood 
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pressure), hormonal assessment of arousal (i.e., cortisol), and cognitive assessments of anxiety 
(i.e. State-Trait Anxiety Inventory [STAI], VAS of anxiety and stress) have been measured 
concurrently and were elevated during the stressor session compared with the control 
session.17,136   Furthermore, a low-cognitive demand (mental-attentiveness) task has also been 
compared to the high-cognitive demand to confirm stress was induced in the high-cognitive 
demand.136  The mental-attentiveness session did not differ from the control session in time to 
task failure, VAS scores, or in HR or mean arterial pressure.136 
In healthy young adults, an acute stressor (i.e., mental math) has been shown to reduce 
steadiness and time to task failure for low-intensity isometric contractions,136,139,141 yet others 
have found no change.142  Yoon et al.136 found that steadiness and time to task failure declined 
during a sustained 20% MVC task of the elbow flexor muscles when simultaneously performing 
a high-cognitive demand task.  Furthermore, individuals who are weaker (primarily women, but 
also men) showed the largest reduction in time to task failure when the cognitive task was 
imposed during the fatiguing contraction.17,136   
In older adults, greater fluctuations in torque were seen for low (5% MVC; non-fatiguing) 
to moderate (30% MVC; fatiguing) isometric tasks of the ankle dorsiflexors compared to 
younger adults and these fluctuations were exacerbated when the cognitive demand was imposed 
while young adult showed no change.142   Although time to task failure did not differ between 
groups or sessions.142   The authors suggest that increased cortical involvement of motor and 
non-motor cortical areas in older adults disrupt motor performance to a greater extent than young 
adults.142 
In veterans with posttraumatic stress disorder (PTSD), a population with increased 
activation of the sympathetic nervous system, fatigability and force fluctuations of the handgrip 
muscles were shown to be greater compared to healthy men.140   However, imposing cognitive 
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stress did not influence time to task failure or force fluctuations for either group. Veterans with 
PTSD also exhibited elevated baseline levels of anxiety (VAS and STAI) and HR. Interestingly, 
the stress session blunted the cortisol response in the veterans.140  Keller-Ross et al.140  suggest 
that these baseline differences may be due to dysfunctions in the balance of cortico-motor 
excitability and inhibition or due to vasoconstriction and reduced blood perfusion.140 
Regarding stress and obesity, Mehta18 explored the impact of stress on neuromuscular 
fatigue and associated heart rate variability in obese adults using intermittent 30% MVC 
contractions to exhaustion.  The author found significant obesity-related declines in endurance 
time, rate of strength loss, and perceived effort in a stress condition (mental math) compared to a 
control condition, and blunted heart rate variability during the stress condition.  Therefore, those 
with a higher BMI (and %BF) were more susceptible to fatigue, particularly in the high-stress 
condition.  While Mehta18 did not find any obesity-related differences in handgrip fatigability 
when compared to the non-obese counterparts, this may be due to muscle-specific and/or 
contraction-type differences.  However, other studies with intermittent tasks, which included 
young and older adults, have exhibited shorter shoulder flexion10,125  and handgrip10 endurance 
times with obesity. 
Age 
Advancing age is responsible for numerous impairments in older adults presented 
through declines in motor performance, such as the reduced ability to perform steady movements 
and exert constant forces.143,144    Older adults, especially after the fifth decade,108 tend to be less 
steady than younger adults, exhibiting greater fluctuations in force around a target force.13 
However, since there is a selective reduction of fatigable (fast twitch) muscle fibers with 
aging,145,146 healthy older adults exhibit slower fatigue development and longer endurance when 
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performing sustained task at a submaximal intensity.147,148  Previous studies have found that 
older adults (~60-79 yrs) experience less fatigue during isometric contractions than younger 
adults.34,149,150  This resistance to fatigue is not present when older adults perform high to 
moderate velocity dynamic contractions, nor is it present in very old individuals (>80 yrs).149,151-
156  Differences in fatigability for contraction type is also likely due to the selective loss in fast 
twitch fibers. For instance, older adults experience greater losses in power production during 
fatiguing isotonic (unconstrained velocity) contractions compared to younger groups, but do not 
differ following fatiguing isokinetic contractions.157,158  When velocity is measured as a part of a 
strength assessment (dynamic contractions; power = torque × velocity), age-related impairments 
in contractile shortening velocity are apparent.158  Furthermore, older adults use greater amounts 
of ATP per contraction,159 potentially leading to greater metabolite buildup within the muscle 
tissue during isotonic contractions, and ultimately affecting fatigability and power loss in aging 
populations.160,161 
It has been suggested that older individuals experience greater central fatigue than 
younger individuals.162  For instance, older adults exhibited greater between- and within-
participant variability in activation of supraspinal centers compared to young adults during 
MVCs.163  Hunter et al.163 found that during sustained isometric MVCs, older adults displayed 
less peripheral fatigue (likely due to muscle fiber types) and greater central fatigue (impaired 
recovery from supraspinal fatigue). This may indicate that there is greater variability within 
cortical motor areas in aging populations.163  Other possible changes in central drive have been 
noted such as excitability of the corticospinal tract,164,165 neuromuscular propagation,166  and 
cortical atrophy, reduced white matter, or altered neurochemistry.167-170  
The differences in steadiness between young and older adults are apparent in low-to-
moderate forces during isometric contractions.13,14 However, the age-related decline in steadiness 
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seems to be greatest during low-intensity isometric contractions in both lower and upper 
extremity muscles.13,14  For the aging population, the functional impact of moving precisely and 
exerting or maintaining steady forces can be translated to daily activities.171  There are several 
mechanisms related to motoneuron properties that influence force output variability. One 
mechanism proposed for the loss of steadiness seen in older adults is MU discharge rate 
variability.108,172 Steadiness of a contraction may be maximized when MUs exhibit low 
variability in discharge rates and are not synchronized.173  Constant force and constant load tasks 
have been utilized due to differences in the modulation of MU discharge rates.116  In a study by 
Laidlow et al.,108 recruitment thresholds and the mean discharge rates were similar between 
young and older adults; however, the variability of the discharge rates were greater for the older 
adults for both tasks.108  Additionally, older adults displayed greater variability in lengthening 
contractions (>40%), than the isometric contractions (28-34%).108  Therefore, the greater 
variability of the discharge in a single MU contributes to the reduced ability to perform steady 
muscle contractions.  Furthermore, Tracy et al.95 found an association between the relative force 
fluctuations and discharge rate variability for older adults, but did not see this relationship in 
younger adults. 
In addition to MU discharge rate variability, MU reorganization may play a role in the 
observed changes in steadiness for the aging population. That is, the decrease in high threshold 
MUs and the subsequent reinnervation of low threshold  MUs174 leaves a greater percentage of 
low threshold MUs.175,176  These MUs are activated earlier, at lower force levels, and fire at 
lower rates in older individuals when compared to younger individuals.174  Thus, in older adults 
the individual MUs contribute more to total torque output, especially at low MVC percentages, 
as they innervate a greater percent of muscle fibers, in turn affecting the control of torque.99 
Although studies have shown a significantly greater CV for force up to 75% MVC in older 
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adults, relative force fluctuations are still exhibited regardless of whether there is a difference in 
absolute MVC force in comparison to younger adults.108,119-121  Therefore, while older adults are 
weaker and less steady than younger adults,13,163 the greater force fluctuations exhibited in older 
adults is not necessarily due to weaker muscles as evidence suggests in healthy populations older 
adults may have comparable muscular strength.119   
Sex 
Studies on sex differences in maximal strength suggest that females tend to be weaker 
than males.177-179  Men typically have more fat-free mass, and their muscle fibers, regardless of 
fiber type (normalized to biopsy section area), have significantly larger cross-sectional areas.180  
Yet, females have been noted to experience less fatigability than males during submaximal 
fatiguing dynamic and isometric tasks.86,181  Interestingly, matching absolute strength between 
men and women still demonstrated women were less fatigable than men when using intermittent 
fatiguing contractions of the elbow flexors.182  When stronger isometric contractions (>50% 
MVC) or dynamic contractions (>80% 1 rep maximum) are performed, sex differences become 
less evident.183  In addition, men have been shown to experience a greater reduction in voluntary 
force during fatigue accompanied by a greater reduction in voluntary activation (comparing 
amplitudes of superimposed twitch to resting twitch) of the leg extensors compared to women.184  
This suggests there may be differences in central drive between the sexes, with men exhibiting 
greater central fatigue.184,185  Other possible explanations for sex-based differences regarding 
fatigue include skeletal muscle metabolism and contractile properties,186,187 and muscle perfusion 
during submaximal sustained isometric contractions.186  Furthermore, women not only have 
smaller type II fibers, but they also have a greater proportion of type I (slow twitch) fibers.180  
For example, in a study by Staron et al.,180 type I fibers accounted for 36.2% of the total biopsy 
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area in men and 44.0% in women, while type IIa fibers accounted for 41.2% in men and 33.6% 
in women. Additionally, women have a slower relaxation rate during electrically evoked 
fatiguing contractions,181  which has been correlated to rate of fatigue (i.e. the slower the muscle, 
the more fatigue resistant).161 
Sex differences in force fluctuations are have also been cited, with increased strength 
improving force steadiness.177,188  Brown et al.177 and Harwood et al.188 found that males exhibit 
greater steadiness than females.   It is difficult to determine whether this difference is due to 
higher MU discharge rates, as strength has been associated with higher MU discharge rates,189 
since there has not been a strength-matched study.188  However, it has been suggested that a 
greater number of alpha motor neurons (and the accompanying MUs) in males may explain the 
lower force variability.188  It has also been suggested that it is unlikely MU discharge variability 
is a contributing factor to the sex-related differences in steadiness.188 
Obesity in the United States and the Fire Service 
Obesity is defined as the accumulation of excess fat that subsequently negatively impacts 
health, and is most commonly identified using the indirect measure of BMI (body mass [kg]/ 
height2 [m2]).190  While BMI has high specificity (0.90) but low sensitivity (0.50),191 it is an easy 
way to screen individuals and to use for surveillance/epidemiological purposes. A BMI of 30 or 
above is considered obese, with three classes defined as I: 30-34.9, II: 35-39.9, and III: ≥40 
kg/m2.191  These cut-offs are based on risks for cardiometabolic disease and premature 
mortality.192  There are more sensitive, direct measures such as dual energy x-ray absorptiometry 
(DEXA) that examines body composition.193  A more precise measure for %BF is a four-
compartment model194 that utilizes DEXA and bioelectrical impedance spectroscopy (BIS).  
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Multi-compartment models are known for their increased precision when evaluating body 
composition.195  The cut-off for obesity in males using %BF has typically been >25%.191 
Adult obesity has shown an increasing trend between 2003–2004 and 2013–2014, with 
the current prevalence of obesity among U.S. adults at 39.8%.196  Furthermore, men aged 40–59 
years were reported to have a higher prevalence of obesity than men aged 20–39 years (40.8% 
versus 34.8%).196 Specifically in North Carolina, obesity in adults is 31.8%,197 lower than the 
national average yet still one of the states with a higher prevalence. Previous research6,198 has 
demonstrated that the prevalence of overweight and obesity among firefighters is greater than it 
is general population (>75%).  Considering the aforementioned demographics of the population 
(i.e., the majority off firefighters being male and the wide range of age), this is not surprising. 
Moreover, with the general population increasing in obesity,196 the pool of normal-weight 
individuals that are recruited as incoming firefighters is smaller.  
Soteriades et al.199 followed a cohort of firefighters for 5 years and found that the 
percentage of the firefighters who were obese (defined as BMI ≥30) increased from 33.7% to 
40.4%.  This estimation may even be low, as Jitnarin et al.200 found the 33% of %BF-defined 
obese firefighters were misclassified as non-obese, whereas only 8% of non-obese firefighters 
were misclassified as obese when using BMI.  Incumbent firefighters face a number of chronic 
stressors throughout their service which puts them at higher risk for obesity and its comorbidities 
over time.19  Some of these chronic stressors include shiftwork, poor sleep hygiene, smoke 
exposure, heat, and psychological stress.  Shiftwork,201,202 long work hours,202 and psychological 
stressors203 have been associated with obesity.  Examples of stressors such as alarm noise and 
low-visibility in hazardous environments promote sympathetic activation.19   Firefighters reach 
maximal HR during simulated and actual emergency responses204-206 and have been suggested to 
require a minimum O2 capacity of 33.9-45ml/kg/min to safely perform their job duties.207-210  
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While stress has been linked to increased sympathetic activity,211 so has obesity,212 further 
disrupting cardiovascular function. Therefore, obesity may compound the stress response leaving 
obese firefighters at greater risk for injury due to poorer performance,8 and chronically, at greater 
risk for disease.19    
Obesity Health Outcomes 
Increased morbidity and mortality has been linked to obesity.213-215   There are several 
well-established comorbidities of obesity such as hypertension, hyperlipidemia, and diabetes.213-
215    For instance, excessive body weight may account for up to one in four of cases of 
hypertension.215  The risk of abnormal lipid metabolism (e.g. high low-density lipoproteins and 
triglycerides) is increased for obese individuals, particularly individuals who exhibit central fat 
distribution.213 Increasing BMI in firefighters has been associated with hypertension and 
dyslipidemia.6  Heart disease is also a significant comoribidy,214 which is no surprise since obese 
firefighters exhibit more cardiovascular risk factors like hypertension and dyslipidemia.6  Sudden 
cardiac death is consistently reported as the leading cause of line-of-duty death in firefighters 
usually accounting almost half of deaths each year.19,216  Not only has hypertension and 
dyslipidemia been apparent when comparing normal weight and obese firefighters,6 obese 
firefighters are also more likely to suffer from greater arterial stiffness,217 lower cardiorespiratory 
fitness,6 reduced muscular strength,6 and more frequent cardiac events that are fatal.218  It is also 
important to note that regardless of demographic factors (i.e. age, physical activity levels, etc.), 
obesity has been linked to an increased rate of all-cause mortality219 and a decreased life 
expectancy.220 
It is clear with the increased likelihood of comorbid conditions in obese firefighters, that 
the economic burden of these firefighters is also increased.221  Furthermore, given the high 
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proportion of disease related to obesity in firefighters (e.g. 20-30% hypertension217,222), it is no 
surprise that obesity is associated with lower job performance,8,223 more work limitations, and 
higher workers’ compensation claims.224,225  For example, obese firefighters cost more in terms 
of healthcare dollars as well as miss more days of duty221 and are at greater risk of disability.226   
In 2011, a study by Poston et al.221 found that compared to normal weight firefighters, those who 
were overweight ($74.41/firefighter), class I obese ($254.00/firefighter), and class II or III obese 
($1,682.90/firefighter) added costs to fire departments due to greater missed days of work after 
injury.  In addition, obese firefighters missed almost 5 times as many days than their normal 
weight counterparts.221 
Firehouse Culture 
Qualitative studies have shed some light on the culture in the fire service.23,24,26  Dobson 
et al.23 found a strong interrelationship between occupational behaviors and health behaviors 
causing obesity among firefighters. Five thematic topics emerged, demonstrating occupational, 
cultural, and individual causes of obesity.23  They were:  
(1) Eating culture at the fire station  
a. Eating out or family-style meals (e.g. sharing meal costs) 
b. Portion size (e.g. eating larger quantities) 
c. Traditions and peer pressure (e.g. resistance to change, eating what others eat) 
d. Eating patterns due to call interruptions (e.g. eating fast) 
e. Eating culture affects changing (e.g. no routine, easier to eat healthy at home) 
f. High caloric snacking (e.g. at night) 
(2) Calls during the night and sleep interruption  
(3) Leadership and physical fitness from supervisors (e.g. harder to exercise with 
increased responsibilities, habits of the crew’s Captain influence the crew) 
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(4) Sedentary work (e.g. moving up in rank means the job is less physically demanding) 
(5) Age and generational influences (e.g. less time to take care of self, more family or 
work responsibilities with age, younger individuals are less active due to the “Facebook 
Generation”).23 
These findings suggest that exercise and eating patterns are a product of several factors aside 
from individual choice; however, it is important to note that exercise and eating patterns are 
modifiable and may take far less time to change in a positive manner. Because work conditions 
and culture are heavily influenced by policy, it is more difficult to target these aspects in the 
short term. 
Another qualitative study by Jahnke et al.24 expressed concerns about health in the fire 
service with similar themes developing such as physical activity and fitness, nutrition and sleep. 
In addition, concerns about increased risks of cancer, cardiovascular disease, and injuries as well 
as mental health issues due to stress or exposure to trauma were communicated.24  Staley et al.26 
reinforces some of these issues as barriers. Intrapersonal barriers that subsisted were personal 
motivation in relation to fitness, poor nutrition due to expectations for firefighters to eat together, 
physical fitness beliefs, and knowledge about cardiovascular diseases and associated risks.26  
Interpersonal (i.e. crew dependability, social cohesiveness, crew and Captain fitness norms) and 
organizational (i.e. participation strategies, work environment factors, management support, 
management fitness norms) barriers were also identified.26  
It is evident that lack of exercise and poor nutrition are serious public health concerns in 
the fire service. Interventions targeting these two domains have been successful using both a 
team-centered and individual-oriented approach.227  While both were effective, positive 
behavioral outcomes dissipated between 3 and 4 years.228  Other studies that assessed physical 
activity and dietary behaviors over time have also found that positive outcomes were not 
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maintained.229-231  Therefore, these studies suggest that aiming to change behavior toward 
exercise and nutrition can be effective but needs to be continually reinforced over time.  The 
combination of exercise (both aerobic and resistance) and diet is noted as the most effective way 
to prevent obesity.29  Although exercise can increase energy expenditure, it is important to be 
aware that when planning interventions, exercise cannot compensate for a poor diet.232 
Exercise and Diet Recommendations 
Currently, the exercise guidelines from the American College of Sports Medicine 
(ACSM) suggest that adults should be getting both aerobic and resistance exercise on a weekly 
basis.192,193 For aerobic exercise, recommendations include at least 150 minutes per week of 
moderate-intensity activity (i.e. brisk walking), 75 minutes of vigorous-intensity activity (i.e. 
jogging), or any combination of moderate and vigorous-intensity that is equivalent.233,234 For 
resistance exercise, recommendations are to train each major muscle group 2-3 days per 
week.233,234 
The 2015-2020 Dietary Guidelines for Americans provided by the U.S. Department of 
Health and Human Services and the U.S. Department of Agriculture give recommendations 
based off of age, sex, and/or activity level.235  For instance, males between 19-50 years should 
consume 2-2.5 cup-equivalents of fruits and 3-4 cup-equivalents of vegetables per day.235  For 
fiber intake, males between 19-30 and 31-50 years should consume 33.6 and 30.8 g of dietary 
fiber, respectively, per day.235  While the 2015-2020 Dietary Guidelines also provide estimated 
calorie needs (i.e. males between 18-45 years should get anywhere between 2400-3200 Calories 
per day dependent on whether they are sedentary, moderately active, or active)235 there are 
several other ways to predict basal energy expenditure (BEE). The BEE is the energy needed to 
carry out fundamental metabolic functions.  The Harris-Benedict equation236 is the most 
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commonly used BEE prediction, which uses body mass, stature, and age.  It is important to note 
that most predication equations have limitations; for the Harris-Benedict equation, it may 
overestimate BEE for obese individuals, especially those over a BMI of 40 kg/m2.236  This is due 
to obese individual having less lean mass than a non-obese individual at the same body mass.236  
Thus, obese adults may exhibit reduced BEE per kilogram of body mass.236  Other equations 
have been proposed to predict BEE that are better suited to account for fat free mass.  For 
instance the Nelson equation,237 utilizes fat and fat free mass of an individual.  
The 2015-2020 Dietary Guidelines235 also provide a recommended range of protein 
intake (6-7 ounce-equivalents) for males 18-50 years old, but also do not consider body mass.  It 
has been proposed that higher-protein diets (> 1.0 g/kg) may attenuate cardiometabolic risk,238  
with 1.1 g/kg body mass being noted as ideal for healthy men.239,240  Typically, higher levels of 
protein intake are recommended to preserve lean mass in adults with acute or chronic disease 
(e.g., type 2 diabetes).241  Moreover, > 0.8 g/kg has been associated with more favorable body 
composition in career firefighters242 considering the high metabolic demand firefighters may 
experience at their job.207-210  
 To date, there are no mandated fitness standards implemented in the U.S. for 
firefighters.22 The NFPA outlines a few standards that relate to health, fitness, and/or wellness, 
which include NFPA 1500, NFPA 1583, and NFPA 1582.22 These standards suggest that there 
should be physical performance requirements for candidates and members who engage in 
emergency operations (1500), provide outlines for fitness and health promotion program 
implementation (1583), and suggest how to develop and implement medical screenings (1582).22   
Specifically, NFPA 1582 recommends annual evaluations (and while monitoring ailments or 
diseases) to assess aerobic capacity, body composition, strength (i.e. grip, leg, arm), muscular 
endurance, and flexibility.243  This is intended for firefighters to develop and maintain their 
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fitness level to perform job functions safely and to reduce the probability or severity of injuries 
and illnesses they may incur on the job.  However, while it is noted as “mandatory,” and fire 
departments test their candidates, the fitness testing for current members is non-punitive. 
Therefore, not all fire departments choose to monitor fitness of their current members on an 
annual basis, if at all. One longitudinal study reported that suggesting firefighters may gain 
between 1.1-1.9 pounds per year of active duty over a 5-year period.199  Due to this loophole in 
the standards, several initiatives have attempted to improve firefighter health and well-being. 
Some of these initiatives include the Promoting Healthy Lifestyles: Alternative Models Effects 
(PHLAME) Firefighter Study,227 the National Voluntary Fire Council Heart-Healthy Firefighter 
Program,244 and the Wellness Fitness Initiative through the joint effort of the International 
Association of Firefighters and the International Associations of Fire Chiefs.245  
It is clear this shift in weight gain over time spent in the fire service is from the 
accumulation of poor exercise and dietary habits, compounded by work characteristics such as 
stress and shiftwork. Therefore, there needs to be some framework to address the cultural 
components; specifically, how behaviors may influence modifiable lifestyle characteristics (i.e. 
exercise and diet). 
Theory of Planned Behavior 
Despite the aforementioned recommendations, relatively few studies have examined the 
behavioral determinants of exercise and healthy eating, specifically in firefighters.23,24,26  One of 
the behavioral models frequently used to examine behavior constructs is the TPB,246 but has not 
been explicitly utilized in firefighter research.  In the current proposal, the TPB is used as a 
theoretical framework to predict whether the recommendations for exercise and eating a healthy 
diet are met.  Exercise is defined in relation to current ACSM recommendations.173,174  Healthy 
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eating is defined in relation to current dietary recommendations to meet accepted standards of 
total energy,236 protein,239,240 fiber,3 and fruit and vegetable consumption.3  While actually 
performing exercise and healthy eating are “behaviors,” to avoid confusion, they are referred to 
as “habits.”  The TPB is an extension of the theory of reasoned action,247 which examines the 
influence of attitudes, subjective norms, perceived behavioral control, and intention of the 
designated habit on actually performing said habit.248  Intentions (the decision to exert effort to 
perform the habit) are typically determined by attitudes, subjective norms, and perceived 
behavioral control.248  Attitudes signify the evaluation of the habit, subjective norms signify 
perceived pressure from others to perform the habit, and perceived behavioral control signifies 
the extent to which performing the habit is within one’s control (or is easy-difficult).248  For the 
purpose of this study, each behavioral construct of TPB including intention was evaluated 
separately in terms of whether the habit was performed.  
Perceived behavioral control has been noted to be similar to Bandura’s249 self-efficacy.  
Azjen248 makes the distinction between controllability and self-efficacy, indicating that self-
efficacy is related to internal aspect of control. Studies have supported the assertion that there is 
a distinction between perceived behavioral control and self-efficacy.250,251  For instance, one 
study251 found that self-efficacy predicted exercise intention and not the habit, whereas perceived 
behavioral control predicted the habit and not intention. Due to this distinction, this study aimed 
to measure both perceived behavioral control and self-efficacy, separately.  
Previous meta-analyses27,28 provide support for the TPB expressed as the percentage of 
variance explained in intentions of a designated habit and the habit itself.  Armitage and 
Conner27 found that attitudes, subjective norms, and perceived behavioral control accounted for 
~39% of the variance in intention across 154 studies, whereas perceived behavioral control and 
intention accounted for ~27% of the variance in performing the habit across 63 studies. 
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Individual significant (P < 0.001) correlations between intention and habit (r = 0.47) as well as 
perceived behavioral control and habit (r = 0.37) were also reported.27 
A meta-analysis252 of 72 studies explicitly on physical activity that examined the 
relationship between the constructs of TPB and their ability to predict either intention or 
performing physical activity.  Hagger et al.252 found that attitudes, subjective norms, and 
perceived behavioral control accounted for up to 44.5% of the variance in intention.  The most 
significant predictors of intentions were attitudes (β = 0.40) and perceived behavioral control (β 
= 0.33), while subjective norms (β = 0.05) was also significant, but had a lower prediction 
rate.252  Regarding physical activity as a habit, intentions (β = 0.05 - 0.51), perceived behavioral 
control (β = 0.12 -0.223), and self-efficacy (β = 0.04 – 0.15) were reported to have a significant 
impact on the regression models.252  Average reweighted correlations (corrected for sampling 
and measurement error) were also reported for attitude-habit (r = 0.35), perceived behavioral 
control-habit (r = 0.39), subjective norms-habit (r = 0.17), intention-habit (r = 0.51), self-
efficacy-habit (r = 0.40).252 
In 2001, Hagger et al.253 demonstrated that positive attitudes and high self-efficacy were 
more likely to form intentions to exercise, but subjective norms and perceived behavioral control 
were not strong predictors.  A study on obese adults254 also revealed subjective norms were not a 
significant determinant of intention to be physically active whereas perceived behavioral control 
and attitudes were independent determinants.  Another study by Brickell et al.,255 found that 
attitudes and perceived behavioral control accounted for 36% of the variance in intention to 
exercise, but subjective norms were not significant. Additionally, intention but not perceived 
behavioral control was a significant predictor of 2-, 3-, and 5-week exercise habits.255  
Significant (P < 0.01) individual correlations with exercise were reported for intention (r = 0.69), 
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perceived behavioral control (r = 0.32), and attitudes (r = 0.49), but not subjective norms (r = 
0.11).255   
Regarding eating healthy, findings from Armitage and Conner256 indicated that the TPB 
usefully predicted low-fat eating intention and habit (based off of a food frequency questionnaire 
[FFQ]). The regression analyses revealed that intention was the only predictor of the FFQ habit 
of eating low fat.256  Significant (P<0.01) individual correlations with eating a low-fat diet were 
noted for intention (r = -0.41), attitudes (r = -0.37), and self-efficacy (r = -0.31), while subjective 
norms (r = -0.21) were significant to a lesser extent (P<0.05), and perceived behavioral control (r 
= -0.14) was not significant.256 Considering the aforementioned behavioral studies253-255 have 
found that subjective norms were not a strong predictor of habit, for the purpose of this project, 
we did not measure this behavioral construct.  While TPB constructs may not always explain 
whether a habit is performed, it has been used in this context and is a reasonable theory to assess 
exercise and eating habits.  
Conclusions 
It cannot be overstated how imperative it is to understand how obesity affects career 
firefighters.  Operating on the job safely for themselves, their crew, and the communities they 
serve is of utmost importance. There is a dearth of information on both the impact obesity has on 
neuromuscular function and how behavior may influence obesity.  Relative to the present 
proposal, there are currently no studies that have investigated the influence of obesity and stress 
in career firefighters by using neuromuscular assessments.  In addition, the influence of specific 
intrapersonal behavioral constructs on exercise and diet in firefighters is not well understood.  
Moreover, there is a lack of potential correlates between these constructs and exercise and 
dietary habits in firefighters.  This study attempted to add to the firefighter literature by 
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identifying differences between normal and obese firefighters in neuromuscular as well as 
behavioral measures, which may prove useful in identifying how to target future intervention to 









Thirty-four male career firefighters volunteered for this investigation and were 
categorized into two groups.  Firefighters were initially recruited into normal weight or obese 
groups according to BMI. Normal weight (NW) firefighters were considered to have a BMI of 
18.5-27.4 kg·m-2;257 whereas obese (OB) firefighters were considered to have a BMI: of 30-50 
kg·m-2.  Body composition measures were performed to confirm group placement.  Using a 
≤25%BF cutoff based on standards created by Heo et al.,258 which approximates a BMI of 25, 
twenty-three were placed in the NW group and eleven were placed in the OB group 
(demographics listed in Table 1).  One NW subject did not report to the second testing session.  
It is important to note that the reference percentage cutoff created by Heo et al.258 was based on 
DEXA versus the 4-compartment model used in the current study (see Body Composition).  The 
primary exclusion criteria included: 1) metabolic disease (e.g., diabetes), 2) neuromuscular 
disease (e.g., peripheral neuropathy), 3) cardiovascular disease (e.g., coronary artery disease), 4) 
a history of major orthopedic surgery (e.g., knee/hip replacement, back fusion), 5) previous knee 
injury (e.g., anterior cruciate ligament, meniscus), 6) serious pain in the lower extremities during 
exercise, 7) a recent lower extremity injury in the past three months, 8) the loss or gain of 20 
pounds in the previous two months, 9) highly trained individuals (>6 hours of vigorous activity 
per week), 10) current smokers259, 11) post-traumatic stress disorder (PTSD)140, and 12) 
individuals using consistent, long-term medications that may affect their sympathetic activation 
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(i.e., anti-depressants, asthma inhalers, etc.). This study was approved by the institutional review 




Participants reported to the laboratory on two separate occasions (4-14 days apart) to 
complete a control (C) and stressor (S) session in a randomized, counterbalanced design (C:S, 
S:C).136,137  On both visits, participants arrived to the laboratory eight hours fasted. During the 
first visit, participants provided informed consent, completed an exercise status and health 
history questionnaire as well as behavioral questionnaires about exercise and diet, and completed 
body composition testing. (Note: all nutritional screening was completed between sessions; see 
Diet History Questionnaire below). Participants performed a brief familiarization session 
following the body composition assessment during their first visit. The participants practiced the 
strength assessments and traced their torque production on a computer monitor placed in front of 
them that displayed their real-time, digitized torque signal at 20% of their maximum strength. 
The experimental protocol for visit one and visit two (Figure 1) was adapted from previous 
studies.15,19,20  Participants were provided a standardized meal (Carnation Instant breakfast® 
ready-to-drink; Fat 6g, Carbohydrate 28 g, Protein 15 g) and adequate rest before testing began. 
The following procedures of the strength testing protocol involved: (1) baseline measurements of 
perceptual and physiological variables including performing leg extensor and leg flexor 
isometric MVCs, (2) a 10-minute rest period, (3) a fatiguing isometric contraction of the leg 
extensors at 20% MVC, and (4) recovery assessed by MVCs at 0, 2, 5, 10, and 15 minutes after 
task failure. Perceptual measures (stress, anxiety, rating of perceived exertion) were assessed at 
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baseline, after the initial MVCs, prior to the fatiguing task, and between recovery MVCs. The 
sympathetic response to stress (HR and PEP) were assessed at baseline, during the fatiguing 
contraction, and in between recovery MVCs. Muscle activation and co-activation as well as 
median frequency were assessed during all strength assessments. 
Procedures 
Body Composition 
Stature and body mass was assessed using a calibrated stadiometer (Perspectives 
Enterprises, Portage, MI USA) and clinical scale (Tanita Corp, Tokya, Japan). A four-
compartment model194 was used to determine %BF utilizing DEXA (Hologic Discovery W, 
Bedford, MA) and BIS (InBody 770; Biospace Co., Seoul, Korea). Participants wore athletic 
clothing, free of metal and jewelry, and were centered on the DEXA bed in the supine position 
with their arms away from their torso and legs separated. Fat mass, lean mass, bone mineral 
content, and DEXA-derived body volume were estimated with the DEXA scan. Total body water 
was determined by using a multi-frequency BIS, which has been shown to be valid assessment of 
total body water,260 per the procedures recommended by the manufacturer. Participants remained 
in the same position and two single tab electrodes were applied to the right side of the body on 
the dorsal surface of the hand and foot, respectively, 5 cm apart. 
Isometric Strength Testing 
The isometric strength assessments were conducted on a calibrated HUMAC Norm 
dynamometer (Computer Sports Medicine Inc., Stoughton, MA) to examine leg extension torque 
production. Participants were seated in the dynamometer with 115° between the torso and thigh, 
with restraining straps placed over their chest, pelvis, and thigh, and their arms crossed in front 
of their chest during testing. Their dominant leg was flexed 60° from the horizontal plane (180° = 
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full extension) with their lower leg secured to the lever arm using a padded Velcro strap placed 
approximately 5 cm proximal from the lateral malleolus of the ankle. The axis of rotation of the 
dynamometer was aligned with the center of the knee joint. Following three submaximal (50-
75% perceived effort) contractions as a warm-up, each participant performed three, 3-4 second 
MVCs for the leg extensors separated by a 2-minute rest period. Additionally, participants 
completed three MVCs for the leg flexors, to determine co-activation (see signal processing) 
with similar rest periods. The highest PT value from the leg extensor MVCs was used to 
calculate the 20% MVC for the fatiguing contraction. The fatiguing contraction was performed 
following the 10-minute rest period. The participant was asked to maintain the target torque level 
for as long as possible from a monitor displayed in front of them. The task was terminated once 
torque fell below 10% of the 20% MVC target torque for two consecutive seconds.140  
Immediately after task failure, the participant performed another MVC and then at 2, 5, 10, and 
15 minutes after the fatiguing contraction (Figure 1). 





Surface electromyography was measured using preamplified, bipolar electrodes 
(TSD150B; Biopac Systems Inc., Santa Barbara, CA; gain = 350 and interelectrode distance of 
20 mm) were placed over the three superficial quadriceps muscles (vastus lateralis, rectus 
femoris, vastus medialis), and an antagonist muscle (biceps femoris) according to international 
standards.261  A pre-gelled, disposable reference electrode was placed over the tibial tuberosity 
on the dominant leg. Preceding the electrode placement, the skin was shaved, lightly abraded, 
and cleaned with isopropyl alcohol to reduce interelectrode impedance and increase the signal-
to-noise ratio. 
Heart Rate and Pre-Ejection Period 
Heart rate and PEP was assessed to quantify any changes in mental stress262 throughout 
the protocol using electromyography (ECG) and impedance cardiography (ICG) (ECG100C, 
NICO100C; Biopac Systems, Inc.).  ECG was measured using disposable 40 mm diameter 
Ag/AgCl wet-gel electrodes attached to shaved and cleansed skin sites. ECG electrodes were 
placed on the right below the clavicle and lowest rib on the left side (Lead-II).  ICG was 
measured using paired disposable (41 mm wide x 82 mm long) Ag/AgCl wet-gel electrodes 
attached to shaved and cleansed skin sites. Two ICG electrodes were placed on the sides of the 
neck and two electrodes were placed on the sides of the chest in line with the bottom of the 
sternum.  Measurements were taken at baseline, during the fatiguing contraction, and throughout 
recovery (Figure 1).  
Signal Processing 
 The EMG (μV), torque (Nm), ECG (μV), and ICG (μV) signals were sampled 
simultaneously at 2.0 kHz with a Biopac data acquisition system (MP150WSW; Biopac Systems, 
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Inc.) and stored on a personal computer (Think Pad T420; Lenovo, Morrisville, NC). A custom-
written software (Labview 2015; National Instruments, Austin, TX) was used to process all of 
the signals offline. All EMG signals were filtered with a fourth-order, zero phase shift 
Butterworth filter with a band pass of 10–500 Hz, whereas the torque signals were corrected for 
baseline passive tension and filtered using a fourth-order, zero phase shift low pass Butterworth 
filter with a 150-Hz cutoff frequency. 
Isometric PT was determined as the highest 500-ms epoch during the 3-4 second MVC 
plateau. The maximal EMG amplitude was calculated as the root mean squared (RMS) for each 
muscle during the same 500-ms epoch as the isometric PT. Additionally, the peak EMG during 
the MVC was used to normalize the EMG signals during the fatiguing contraction. All three 
superficial quadriceps were averaged for peak EMG and during the fatiguing contraction.  
Coactivation of the biceps femoris was determined as the peak EMG amplitude from the leg 
extension MVC [or 20% MVC in the instance of the fatiguing task] normalized to the peak EMG 
amplitude from the leg flexion MVC.263  Median frequency (MDF) was processed with a 
Hamming window and the Fast Fourier Transform algorithm264 and was determined as the 
frequency at which the EMG power spectrum is divided into two regions with equal 
amplitude.265  Torque fluctuations, a measure of steadiness or control of torque, was quantified 
using the CV (SD/mean*100) during the fatiguing contraction. The torque fluctuations and 
corresponding EMG RMS, coactivation, and MDF values were assessed at five intervals: the 
first and last 20-seconds of contraction, and 10-seconds on either side of 25%, 50%, and 75% of 
time to task failure.140  
The ECG and ICG signals were analyzed automatically in AcqKnowledge software 
(version 4.4; Biopac Systems, Inc.). ICG signals were smoothed (smoothing factor = 10 samples) 
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and analyzed using the PEP function (settings = C-point location: fixed thresholds; B-point 
location: R to C polynomial model; X-point location: first turning point after C; dZ/dt max 
method: change in voltage from B to C). All signals were visual checked and edited if there were 
occasional misdetections, ectopic beats, and artifacts.    The PEP was quantified as the time from 
the ECG R onset to the B-point. Ensemble averages for HR and PEP were calculated at baseline 
(last two minutes of a 5-minute resting period), after each pre and post MVC (1-minute epoch), 
and throughout the fatiguing task (at the same five 20-second intervals as EMG). 
Mental Math (Cognitive Stressor) 
For the stressor session, participants performed serial subtraction of 13 from a four-digit 
number during the entire duration of the fatiguing contraction. 137,140 The participant had a 3-
second period to answer before being instructed to start the mental math again from a new 
number in the series.137,140  If participants were unable to perform the task, they were prompted 
to subtract 7 from a four-digit number.140 Mental math has been established as a technique used 
to induce stress,138  and has been commonly used concurrently during fatiguing tasks.15,19,20  
Performance on the mental math was recorded as percent error (errors made/total attempts) and 
normalized attempts (total attempts/time to task failure) to ensure mental stress was consistent 
across groups.18 
Perceptual Measures 
Levels of anxiety and stress were assessed 8 times throughout the protocol using a VAS 
(Figure 1). The VAS scale was 10 cm in length with “not at all anxious/stressed” at the far left 
and “very anxious/stressed” at the far right, respectively. Anxiety was defined as negative 
feelings regarding the immediate future, whereas stress was defined as physical changes (e.g. 
increase in HR) perceived above and beyond expectation for their exertion level.141 
45 
 
A rating of perceived exertion (RPE) was assessed with a modified Borg 10-point scale.266  The 
perceived effort was specifically for the muscles performing the fatiguing task with 0 
representing resting, and 10 representing the strongest contraction the leg extensors can perform. 
The RPE was assessed prior to, every minute during, and immediately following task failure.  To 
account for differences in time to task failure for all subjects, RPE was calculated as the rate of 
change (slope) throughout the fatiguing contraction. 
Exercise Screening Questionnaire 
Participants self-reported their exercise status that included both a weekly average of 
aerobic exercise and resistance training performed over the past four weeks, separately.   For 
aerobic exercise, participants reported the number of days/week and minutes/day for both 
moderate exercise (i.e. accelerates HR; e.g. brisk walking)233 and vigorous exercise (i.e. causes 
rapid breathing and substantial increase in HR; e.g. jogging).233  Based off of the participants 
self-reported exercise status, we determined whether each participant met the American College 


















Diet History Questionnaire 
The Diet History Questionnaire (version DHQIII) was completed by participants, which 
is a freely available, web-based FFQ that assesses food and dietary supplement intakes. The 
original version (DHQI) has been validated in previous studies,267,268  and has been reported to be 
comparable and perform better than the Block FFQ and Willett FFQ.267  Each participant was 
assigned an account to access the DHQIII and was responsible for completing it between testing 
sessions.  Participants answered 135 food and beverage line items and 26 dietary supplement 
questions (some with additional embedded questions) regarding their habits over the past month.  
Based on the DHQIII, we determined whether each participant met recommendations (see 
below) for total energy intake, protein intake, fruit intake, vegetable intake, and fiber intake. 
Total energy intake: The Harris-Benedict equation236 (see Equation 1) was used to predict the 
basal energy expenditure (BEE; units: kcal/day) of each participant by using their body mass 
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intensity activity 
(i.e. brisk walking) 











Training each major 
muscle group 2-3 
days per week 
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(kg), stature (cm) and age (years). Additionally, the Nelson equation237 (see Equation 2) was 
used to predict the BEE of each participant by using their fat (kg) and fat free mass (kg) 
determined by the DEXA scan.  Both equations were chosen to help predict BEE as Harris-
Benedict has been reported to overestimate BEE236 and Nelson has been reported to underreport 
BEE.269 
Equation 1. 
Harris-Benedict BEE = 66.4730 + (13.7516 × body mass) + (5.0033 × stature) – (6.7550 × age) 
Equation 2. 
Nelson BEE= 25.80 (fat free mass) + 4.04 (fat mass) 
Based on the standard deviations of both equations (see Table 2), we decided to use a 
±250 kcal range around the average of these equations. We then determined if what each 
participant consumed (daily total energy intake estimated from the DHQIII) met their estimated 
BEE. 
Protein intake 
While 0.8g of protein per kg of body mass has been the recommended daily allowance 
(RDA), higher-protein diets (> 1.0 g/kg) may attenuate cardiometabolic risk.238  It has been 
reported that a relative intake of ~1.1 g/kg is ideal for healthy men,239,240 while higher levels of 
protein intake are recommended to preserve lean mass in adults with acute or chronic disease 
(e.g., type 2 diabetes).241  Moreover, previous research from our lab has suggested that > 0.8 g/kg 
was associated with more favorable body composition in career firefighters242 considering the 
high metabolic demand firefighters may experience at their job. Therefore, we determined if 
what each participant consumed (daily protein intake estimated from the DHQIII) met or 




According to the 2015-2020 Dietary Guidelines for Americans,235 males between 19-50 
years should consume 2-2.5 cup-equivalents of fruits.  We determined if what each participant 
consumed (daily total fruit and vegetable intake estimated from the DHQIII) met or exceeded (≥) 
the recommended dietary guidelines. 
Vegetable intake 
According to the 2015-2020 Dietary Guidelines for Americans,235 males between 19-50 
years should consume 3-4 cup-equivalents of vegetables per day.  We determined if what each 
participant consumed (daily total fruit and vegetable intake estimated from the DHQIII) met or 
exceeded (≥) the recommended dietary guidelines. 
Fiber intake 
According to the 2015-2020 Dietary Guidelines for Americans,235 males between 19-30 
and 31-50 years should consume 33.6 and 30.8 g of dietary fiber, respectively, per day.  We 
determined if what each participant consumed (daily dietary fiber intake estimated from the 
DHQIII) met or exceeded (≥) the recommended age-specific dietary guidelines. 
Exercise and Nutrition Behavior Questionnaires 
One exercise behavior and one eating healthy behavior questionnaire were constructed 
based on the TPB246 for specific intrapersonal behavioral constructs: intention, attitudes, self-
efficacy, and perceived control. To be consistent, a seven-point unipolar scale was used for all 
questions. Below are the constructs in each questionnaire. Each set of construct questions was 






Intention of performing exercise or eating healthy was measured by a single item: “I 
intend to [exercise/eat healthy] on a regular basis.”270  The anchors ranged from strongly 
disagree (1) to strongly agree (7). 
Attitudes 
The questions/statements related to the attitudes construct were based on a prior food 
choice questionnaire created by Naughton and colleagues.271  Statements from the questionnaire 
were specific to health, price, mood, weight control, and taste. Furthermore, we used this 
questionnaire to model the exercise attitudes statements, which were specific to health, price, 
mood, weight control, and intensity. Additional statements from Kerner et al.272 were also 
included in both the exercise and eating healthy attitudes section of our questionnaire. For 
example: “[Physical activities/Eating healthy] allow me to draw more pleasure from leisure 
activities.”272  The anchors ranged from strongly disagree (1) to strongly agree (7). Each attitude 
sections consisted of 29 items. 
Self-efficacy 
The questions/statements related to the self-efficacy construct were based on Bandura’s 
Self-Efficacy to Regulate Exercise and Self-Efficacy to Regulate Eating Habits scales, 
respectively.273 The prompt begins with “I am confident I can [exercise/eat healthy] on a regular 
basis...” with a number of scenarios following.  Additional scenarios were added to the exercise 
and eating healthy self-efficacy sections. For instance, “When lots of unhealthy food is available 
at the fire station” was added to the eating healthy section. A few scenarios that were not 
relevant for our population were deleted (e.g. during “airplane	meals	with	high	fat	items”). The 
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anchors ranged from not at all confident (1) to very confident (7). The exercise and eating 
healthy self-efficacy sections consisted of 24 and 26 items, respectively. 
Perceived control 
The three perceived control statements for exercise were used from Kerner et al.272  
These three statements were then modeled for perceived control of eating healthy. The anchors 
ranged from very little control (1) to complete control (7), very difficult (1) to very easy (7), and 
extremely unlikely (1) to extremely likely (7). 
Statistical Analysis 
Specific Aim 1 
All demographic data (age, stature, body mass, BMI, %BF) and descriptive data were 
summarized using mean ± SD.  Baseline values (MVC, HR, PEP, Stress, Anxiety) were 
compared between sessions with dependent t-tests.  The dependent variables (time to task failure, 
PT, CV of torque, leg extensor EMG RMS, leg extensor MDF, coactivation, PT, HR, PEP, RPE, 
and VAS for anxiety and stress) were assessed with multiple regression using a mixed model 
approach to account for multiple observations within subjects.  These models included: 1) 
condition×group for time to task failure and RPE, 2) condition×group×time during the fatiguing 
contraction (0%, 25%, 50%, 75%, 100% of fatiguing contraction) for the CV of torque, leg 
extensor EMG RMS, leg extensor MDF, coactivation, HR, and PEP 3) condition×group×time for 
PT, HR, and PEP (baseline and at five recovery time points), and VAS (baseline, two time points 
prior to the fatiguing contraction, and at five recovery time points)(see Equation 3).  The 
relationship between age and TTF was assessed to determine if age should be included as a 





HR = ß0 + ß1 (group) + ß2 (session) + ß3 (time) + ß4 (age) + ß5 (group*session) + 
ß6 (time*session) + ß7 (group*time) + ß8 (group*time*session) 
Model reduced if no interactions 
HR = ß0 + ß1 (group) + ß2 (session) + ß3 (time) + ß4 (age) 
If interactions were present, contrasts were conducted with a Bonferroni correction. 
Pearson product moment correlation coefficients were used to examine the relationship between 
the perceptual variables (RPE, VAS) as well as sympathetic function (HR, PEP) and the two 
dependent variables (time to task failure, CV of torque). All analyses were performed using SAS 
software, version 9.4 (SAS Institute Inc., Cary, NC, USA) with a familywise alpha level of 0.05 
to determine statistical significance. 
Specific Aim 2 
The Shapiro-Wilk test was used to screen for potential non-normality; in the event of a 
significant Shapiro-Wilk test, the variable was further evaluated for skewness and kurtosis. Data 
with a skewness value greater than ± 2, and/or a kurtosis value is greater than 5 has been 
reported by median and interquartile ranges. Normally distributed data were summarized using 
mean ± SD. Spearman correlations between %BF and the behavioral constructs (i.e., intention, 
attitudes, self-efficacy, perceived control) for exercise and eating healthy, respectively, were 
assessed. Spearman correlations between %BF and exercise and dietary habits, respectively, 
were assessed. These correlations were visualized using the locally estimated scatterplot smother 
(LOESS function). Internal consistency of each construct was measured using Cronbach’s alpha 
to ensure the criterion of ≥ 0.70 is met.274 All exercise and nutrition behavioral constructs and 
habits (i.e., exercise status, energy intake, protein intake, fruit intake, vegetable intake, fiber 
intake) were compared between groups with independent t-tests.  Using logistic regression (see 
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Equation 4), the coefficient estimates and the odds ratios were determined for meeting 
recommendations for exercise and nutrition as a function of behavioral constructs while 
controlling for %BF status. The dependent variables were dichotomous, that is, whether the 
recommendation for that habit was met (1 = yes; 0 = no). The predictor variables, each 
behavioral construct (scored 1-7) and %BF, were treated as continuous variables.  
Equation 4: ln (p̂ / (1- p̂)) = ß0 + ß1 (Behavioral Construct) + ß2 (%BF Status) 
An alpha level was set a priori at 0.05 to determine statistical significance. Measures were 
analyzed using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). 







Specific Aim 1  
 
All demographics data are presented in Table 1 (see Appendix for participant 
recruitment). 
Table 1. Mean ± standard deviation values for demographics in career firefighters 
 NW (n=23) OB (n=11) Combined (n=34) 
Age (years) 30.83±5.91 31.82±5.90 31.15±5.83 
Stature (cm) 179.53±6.86 178.16±10.78 179.09±8.18 
Body Mass (kg)* 80.05±7.56 107.35±17.28 88.88±17.22 
BMI (kg/m2)* 24.92±2.50 33.79±4.34 27.79±5.25 
%BF* 15.48±4.80 32.01±6.32 20.82±9.44 
Physical Activity (hrs/wk) 2.91±1.39 2.42±2.04 3.00±1.61 
NW normal weight; OB obese; BMI body mass index; %BF percent body fat; * P < 0.001 
 
Baseline, Rate of Perceived Exertion, and Mental Math 
Maximal leg extensor strength (P = 0.251-0.480), HR (P = 0.564-0.603), PEP (P = 0.133-
0.778), VAS stress (P = 0.221-0.565), and VAS anxiety (P = 0.477-0.597) were similar across 
sessions at baseline for both groups (raw means present in Appendix 6).  The RPE intercept 
(Minute 1 of the fatiguing task) was similar across sessions for both groups (P = 0.416-0.475). In 
addition, RPE at the last minute was similar across sessions for both groups (control: NW 9.7 ± 
0.5, OB 9.6 ± 1.3; stressor: NW 9.7 ± 0.5, OB 9.5 ± 1.1; P = 0.441-0.999). Mental math was 
similar between groups for both the percent errors (NW 28%, OB 19%; P = 0.098) and 
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normalized attempts (NW 0.09, OB 0.09; P = 0.860). Four individuals (all NW) performed serial 
subtraction using 7s after they were unable to get five consecutive answers correct. All math 
performed were calculated together (i.e. serial subtraction by 13 or 7) using overall attempts and 
errors.  
Time to Task Failure 
The observations were originally screened for outliers (standardized residual ≥ 2.5).275 
The same two outliers were identified (standardized residual 2.6–3.4) for all regression analyses 
and removed prior to subsequent analyses.  Time to task failure was associated with age, with 
older firefighters having lower endurance times (control: r = 0.169, P = 0.027; stressor: r = 
0.238, P = 0.002), therefore, age was included as a covariate. There was not a significant 
Group×Session, interaction (P = 0.081); therefore, the model was reduced. Time to task failure 
was shorter for obese firefighters (-87.8 seconds; group effect, P = 0.040; Figure 2A). Time to 
task failure was shorter in the control session (-43.1 seconds; session effect, P = 0.002; Figure 
2A). 
Maximal Strength  
There were no significant Time×Session×Group, Time×Session, Group×Session, or 
Time×Group interactions (P = 0.367-0.954); therefore, the model was reduced.  Obese 
firefighters had higher absolute PT (group effect, P = 0.001), but when PT was normalized to 
body mass there was no group effect (P = 0.259). The change in PT in the stressor session was 
greater, approaching statistical significance (P = 0.053; Figure 2B). PT at recovery minute 0 
through minute 5 were lower than baseline (time effect, P < 0.001-0.002), but was recovered by 
minute 10 (time effect, P = 0.577; Figure 2C).  
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Figure 2. Time to task failure, reduction in strength, and peak torque 
 
(A) Time to task failure for control and stressor sessions for the 20% fatiguing contraction 
with the leg extensor muscles; † denotes session effect P < 0.01; * denotes group effect P < 
0.01. (B) Maximal leg extensor strength percent change [(Post-Pre)/Post×100; higher values 
noted as a greater decline] between baseline and immediately following the fatiguing 
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contraction.  (C) Maximal leg extensor strength at baseline and throughout recovery; * 
denotes time effect P < 0.01. 
Torque Fluctuations 
There were no Time×Session×Group, Time×Session, or Group×Session interactions (P = 
0.726-0.986); however, there was a Time×Group interaction (P = 0.021).  Contrasts were run; 
after accounting for multiple comparisons, CV of torque was different between groups at 100% 
of the task (~22.5% greater in obese; group effect, P = 0.035). CV of torque was greater at 75% 
and 100% of the task compared to onset (0%) (time effect, P < 0.001-0.049).  CV of torque was 
greater (16.6%) in the stressor session (session effect, P = 0.004; Figure 3A).  
Surface Electromyography 
Quadricep EMG Amplitude 
There were no Time×Session×Group, Time×Session, Group×Session, or Time×Group 
interactions (P = 0.083-0.852); therefore, the model was reduced.  There was no group effect (P 
= 0.478).  Leg extensor EMG RMS increased significantly from onset (0%) at 50%, 75%, and 
100% of the task (time effect, P <0.001-0.010; Figure 3C) with no session effect (P = 0.069). 
Biceps Femoris Coactivation 
 There were no significant Time×Session×Group, Time×Session, Group×Session, or 
Time×Group interactions (P = 0.338-0.968); therefore, the model was reduced. Coactivation 
increased throughout the entire fatiguing contraction at every time point (time effect, P < 0.001-
0.046; Figure 3D) with no group (P = 0.194) or session effect (P = 0.394). 
Quadricep Median Frequency 
There were no Time×Session×Group, Time×Session, Group×Session, or Time×Group 
interactions (P = 0.318-0.983); therefore, the model was reduced.  Leg extensor MDF decreased 
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throughout the entire fatiguing contraction at every time point (time effect, P <0.001; Figure 3B) 
with no group (P = 0.342) or session effect (P = 0.467). 
Cardiovascular Response  
Fatiguing Task 
There were no Time×Session×Group, Time×Session, or Group×Session interactions (P = 
0.652-0.940); however, there was a Time×Group interaction (P = 0.034).  Contrasts were run; 
after accounting for multiple comparisons, PEP was not different between groups (group effect, 
P = 0.261-0.964) and was only significantly different from onset (0%) at 100% of the task for 
normal weight firefighters (time effect, P = 0.003). PEP was lower (3.0%) in the stressor session 
(session effect, P <0.001; Figure 3E). 
There were no Time×Session×Group, Time×Session, Group×Session, or Time×Group 
interactions (P = 0.112-0.851); therefore, the model was reduced.  HR increased throughout the 
entire fatiguing contraction (time effect, P <0.001; Figure 3F) and was greater (3.0%) in the 
stressor session (session effect, P <0.001; Figure 3F) with no group effect (P = 0.999). 
Baseline and Recovery 
There were no significant Time×Session×Group, Time×Session, Group×Session, or 
Time×Group interactions (P = 0.108-0.635); therefore, the model was reduced.  There was no 
group effect (P = 0.135). PEP decreased significantly immediately after the fatiguing task 
(recovery minute 0) and steadily increased throughout recovery but was still lower than baseline 
at minute 15 (time effect, P <0.001-0.018). PEP was lower in the stressor session (session effect, 
P = 0.014). 
There were no significant Time×Session×Group, Time×Session, Group×Session, or 
Time×Group interactions (P = 0.308-0.993); therefore, the model was reduced.  There was no 
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group effect (P = 0.077).  HR increased significantly immediately after the fatiguing task 
(recovery minute 0) and steadily decreased throughout recovery but was still higher than baseline 



















Figure 3. Torque fluctuations, surface EMG, and cardiovascular measures during the fatiguing task 
  
(A) Torque fluctuations (coefficient of variation [CV]) throughout the fatiguing contraction for control and stressor sessions; * 
denotes time effect P < 0.05 at specific time points compared to onset; ‡ denotes group effect P < 0.05 at specific time points; † 
denotes session effect P < 0.01. (B) Median frequency of the superficial quadriceps muscles throughout the fatiguing task; * 
denotes time effect P < 0.05 at specific time points compared to onset. (C) Electromyographic amplitude of the superficial 
quadriceps muscles throughout the fatiguing task; * denotes time effect P < 0.05 at specific time points compared to onset. (D) 
Coactivation of the biceps femoris throughout the fatiguing task; * denotes time effect P < 0.05 at specific time points compared 
to onset. (E) Pre-ejection period at baseline and throughout the fatiguing task; † denotes session effect P < 0.01.  (F) Heart rate 
at baseline and throughout the fatiguing task for control and stressor sessions.  † denotes session effect P < 0.01; * denotes time 
effect P < 0.01 at specific time points compared to onset.  
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Perceptual Assessments  
Fatiguing Task 
There was a significant Group×Session interaction (P = 0.049). The slope of RPE was 
greater in the control session (P = 0.007).  The slope of RPE was greater for obese firefighters (P 
= 0.035).   
Baseline and Recovery 
There were no significant Time×Session×Group, Time×Session, Group×Session, or 
Time×Group interactions (P = 0.337-0.9577); therefore, the model was reduced.   There was no 
group effect (P = 0.621). Stress was greater in the stressor session (session effect, P = 0.043). 
Stress at recovery minute 0 through minute 5 were higher than baseline (time effect, P < 0.001), 
but was similar by minute 10 (time effect, P = 0.231).  
There were no significant Time×Session×Group, Time×Session, Group×Session, or 
Time×Group interactions (P = 0.124-0.907); therefore, the model was reduced.   There was no 
group effect (P = 0.263) or session effect (P = 0.308). Anxiety at recovery minute 0 through 
minute 5 was higher than baseline (time effect, P < 0.001), but was similar by minute 10 (time 
effect, P = 0.250). 
Cardiovascular Relationships 
TTF was related to PEP at 100% of the task (r = -0.345, P = 0.046) in the control session, 
but not at any time point in the stressor session (r = -0.220 - -0.115, P = 0.220-0.524).  TTF was 
related to HR at 100% of the task in the control session (r = 0.365, P = 0.034), but not at any 
time point in the stressor session (r = -0.187 - 0.274, P = 0.123-0.991).  
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CV of torque was not related to PEP at any point of the task (r = -0.297 – 0.287, P = 
0.088-0.997) in the control session.  CV of torque at 75% and 100% of the task were related to 
PEP at 0-100% of the task (r = -0.562 - -0.397, P = 0.002-0.022) in the stressor session. CV of 
torque was not related to HR at any point of the task (r = -0.239 – 0.278, P = 0.103-0.852) in the 
control session.  CV of torque at 75% and 100% of the task were related to HR at 0-100% of the 
task (r = 0.337 - 0.520, P = 0.004-0.050) in the stressor session.  
Perceptual Relationships 
The slope of RPE was related to TTF for both groups in both sessions (r = -0.707 - -
0.917, P <0.001), but not torque fluctuations for either group in either session (r = -0.354 - 
0.416, P = 0.106-0.999). 
Stress was not related to TTF in either session (r = 0.298-0.319, P = 0.066-0.092).  
Anxiety was not related to TTF in the control session (r = -0.009, P = 0.960), but was related to 
TTF in the stressor session (r = 0.413, P = 0.017). Neither stress (r = -0.110-0.294, P = 0.096-
0.844) nor anxiety (r = -0.136-0.304, P = 0.081-0.8601) were associated with torque fluctuations 
in either session. 
Specific Aim 2 
 
All descriptive data for eating healthy and exercise habits and behaviors are presented in 
Table 2.  Attitudes, self-efficacy, and perceived control for exercise met the criteria for 
Cronbach’s alpha (0.74-0.95). Attitudes and self-efficacy for eating healthy met the criteria for 










Value Skewness Kurtosis Mean SD Median 
Interquartile 
Range Q1, Q3 Min, Max 
Energy Intake (kcal) 0.1642 0.63 -0.22 2048 801.6 1986 1222 1328, 2550 1328, 2550 
Harris-Benedict (kcal) 0.0057 0.99 0.16 1982 252.9 1909 257.1 1804, 2061 1804, 2061 
Nelson (kcal) 0.0326 0.87 0.42 1828 271.1 1770 283.9 1662, 1947 1413, 2473 
Fiber Intake (g) 0.0022 1.49 3.22 20.93 12.58 19.42 13.31 12.98, 26.29 12.98, 26.29 
Fruit Intake (cups) <.0001 1.50 1.62 1.08 1.09 0.60 1.17 0.33, 1.50 0.33, 1.50 
Vegetable Intake (cups) 0.0136 1.05 0.78 1.85 1.18 1.67 1.52 0.92, 2.44 0.92, 2.44 
Protein Intake (g/kg body mass) 0.0065 1.18 1.24 0.98 0.57 0.89 0.75 0.52, 1.27 0.52, 1.27 
Aerobic Exercise (min/wk) 0.0305 0.92 0.59 251.3 179.9 205.0 256.0 104.0, 360.0 104.0, 360.0 
Resistance Training (days/wk) 0.0552 -0.07 -0.70 2.53 1.61 3.00 2.50 1.00, 3.50 1.00, 3.50 
Eating Healthy Intention (scored 1-7) 0.0013 0.00 -0.59 5.47 1.08 5.00 1.00 5.00, 6.00 5.00, 6.00 
Eating Healthy Attitude (scored 1-7) 0.2704 0.48 -0.11 5.16 0.61 5.12 0.83 4.79, 5.62 4.79, 5.62 
Eating Healthy Self-Efficacy (scored 1-7) 0.6930 -0.43 0.70 4.56 0.90 4.60 1.00 4.00, 5.00 4.00, 5.00 
Eating Healthy Perceived Control (scored 1-7) 0.3607 -0.07 -0.11 5.33 0.93 5.33 1.33 4.67, 6.00 4.67, 6.00 
Exercise Intention (scored 1-7) <.0001 -1.48 3.30 6.00 1.13 6.00 2.00 5.00, 7.00 5.00, 7.00 
Exercise Attitude (scored 1-7) 0.3847 -0.49 -0.26 5.42 0.66 5.53 1.03 5.00, 6.03 5.00, 6.03 
Exercise Self-Efficacy (scored 1-7) 0.0277 0.35 -1.00 4.77 0.99 4.77 1.50 3.88, 5.38 3.88, 5.38 






Exercise Behavior and Habits 
There were no significant differences between groups for the behavioral constructs (P = 
0.396-0.999) or any of the exercise habits (P = 0.685-0.720). There were no significant 
relationships between %BF and exercise behaviors (r = -0.191 - 0.047, P = 0.279-0.819). There 
were no significant relationships between %BF and aerobic exercise or resistance training (r = -
0.173 - 0.012, P = 0.329-0.945). When visualizing the data using the LOESS function, the 
exercise status relationships appear non-linear. For instance, firefighters with low or high %BF 
tended to report lower aerobic exercise (min) and resistance training (days). The frequency of 
meeting exercise recommendations was moderate to high (Table 3) with higher intention and 
self-efficacy showing significant associations with meeting the aerobic exercise as well as 
aerobic exercise and resistance training combined, and higher attitudes showing a significant 
association with aerobic exercise while controlling for %BF (Table 4).  Higher self-efficacy 
showed significant odds of meeting aerobic exercise and resistance training combined, and 
higher intention, attitudes, and self-efficacy showed higher odds of meeting the resistance 
training recommendation while controlling for %BF (Table 4).  
Eating Healthy Behavior and Habits 
There were no significant differences between groups for the behavioral constructs (P = 
0.186-0.762) or any of the nutritional habits (P = 0.180-0.795) with exception of fruit intake 
which was higher in normal weight firefighters (P = 0.003; 1.39 vs. 0.48 cups).  There were no 
significant relationships between %BF and dietary behaviors (r = -0.09 - 0.008, P = 0.347-
0.962). There were no significant relationships between %BF and vegetable intake, fiber intake, 
protein intake, or energy intake (r = -0.028 - -0.234, P = 0.189-0.875); however, there was a 




higher %BF, the lower the fruit intake. When visualizing the data using the LOESS function, 
several of the relationships appear non-linear. For instance, firefighters with low or high %BF 
tended to report lower protein (g/kg) and energy (kcal) intake. The frequency of meeting dietary 
recommendations was low (Table 3) with higher intention having a significant association with 
meeting the fruit recommendation, and higher odds of meeting the fruit recommendation while 
controlling for %BF (Table 4). 
 
Table 3. Frequency of met recommendations 
                        Recommendation % (n) 
Aerobic (n=34) 150 min (moderate) OR 73.4 (25) 
 75 min (vigorous) OR  
 
Combination (moderate & 
vigorous)  
Resistance Training 
(n=34) ≥2 days/wk 67.6 (23) 
Exercise (n=34) Aerobic AND Resistance  52.9 (18) 
Vegetable Intake (n=33) 3 cups 18.2 (6) 
Fruit Intake (n=33) 2 cups 15.2 (5) 
Fiber Intake (n=33) 33.6 g (19-30 yrs) 21.2 (7) 
 30.8 g (31-50 yrs)  
Protein Intake (n=33) 1.1 g/kg 30.3 (10) 
Energy Intake (n=33) BEE† 9.1 (3) 
† denotes individualized based off determined SD range between the Harris-














Table 4. Logistic regression coefficient estimates and odds ratios for meeting 
recommendations for eating healthy and exercise as a function of behavioral constructs 
controlling for %BF (n=33) 





 Intention 1.27* 1.59 (0.80-3.17) 
Attitudes 1.36* 1.12 (0.34-3.67) 
Self-efficacy 1.74* 1.57 (0.65-3.75) 











 Intention 0.47 3.56 (1.30-9.76)* 
Attitudes 0.86 3.89 (1.10-13.75)* 
Self-efficacy 0.45 5.71 (1.55-21.03)* 















Intention 0.83* 2.29 (1.00-5.26) 
Attitudes 0.73 2.07 (0.69-6.23) 
Self-efficacy 0.99* 2.69 (1.13-6.42)* 










 Intention 0.58 1.78 (0.71-4.45) 
Attitudes 0.76 2.13 (0.48-9.46) 
Self-efficacy 0.81 2.24 (0.68-7.33) 







 Intention 2.69* 14.68 (1.19-181.44)* 
Attitudes 1.40 4.07 (0.52-31.77) 
Self-efficacy 0.72 2.05 (0.55-7.67) 







 Intention 0.77 2.17 (0.81-5.84) 
Attitudes 0.85 2.34 (0.47-11.79) 
Self-efficacy 0.59 1.80 (0.60-5.46) 








 Intention 0.20 1.22 (0.57-2.61) 
Attitudes -0.23 0.80 (0.20-3.17) 
Self-efficacy 0.19 1.21 (0.50-2.95) 








 Intention 0.15 1.16 (0.37-3.64) 
Attitudes 2.07 7.93 (0.70-89.89) 
Self-efficacy 0.05 1.05 (0.28-3.97) 
Perceived Control  0.75 2.12 (0.50-9.06) 
 








Specific Aim 1 
The primary findings of the present study indicate that obese firefighters exhibited greater 
fatigability (i.e., shorter TTF) than their normal weight counterparts (P = 0.040, Figure 2A).  In 
addition to greater fatigability, obese firefighters showed an increase in torque fluctuations at 
100% of task failure compared to normal weight firefighters (P = 0.035). Interestingly, there was 
increased levels of sympathetic activation as noted by the lower PEP (3.0%) and higher HR 
(3.0%) during the stressor session (P < 0.001, Figure 3E, Figure 3F), which resulted in longer 
TTF (P = 0.002, Figure 2A).  Furthermore, torque fluctuations were also greater in the stressor 
session (P = 0.004; Figure 3A). 
The influence of obesity on neuromuscular performance 
We initially hypothesized that obese firefighters would exhibit greater fatigability and 
greater torque fluctuations compared to normal weight firefighters, which is supported by our 
findings. However, normal weight and obese firefighters did not show differences in steadiness 
(i.e., CV of torque) throughout the 20% fatiguing contraction until the 20-second epoch before 
task failure (i.e., 100% of the fatiguing task).   
Previous studies have reported greater fatigability with obesity,10,125  which supports our 
findings of shorter endurance times for obese firefighters. The literature on obesity-related 
differences in control of force/torque is sparse; however, it supports our findings of greater 




in obese individuals compared to non-obese individuals for the deltoid,65  leg extensors,126 and 
ankle dorsiflexors129 in regard to fatigability. Nonetheless, it is possible that peripheral factors 
such as the obesity-related decrease in capillary density130 and blood flow,131 and higher 
proportion of fast-twitch (fatigable) muscle fibers127 are also influential. It has also been 
suggested that neural correlates with steadiness are muscle specific.132 For instance, greater force 
fluctuations for obese individuals was related to lower prefrontal cortex activation for the 
handgrip but not the elbow flexors.132 The underlying mechanisms for greater fatigability and 
decreased steadiness still need to be elucidated, and while we cannot discount that obese 
individuals may have different levels of sympathetic activation,276 sympathetic activation (PEP) 
did not differ between groups in our current sample of firefighters.  
In the present study obese firefighters did not exhibit higher rates of strength loss (% 
change from Pre to Post MVC); however, the results suggest it was approaching significance (P 
= 0.053; Figure 2B).  Previously, higher rates of strength loss have been reported for individuals 
with higher BMI during shoulder flexion tasks.10,125  Our obese firefighters demonstrated higher 
absolute strength, but no difference in relative strength (to body mass) than their non-obese 
counterparts. Studies126,277 have found that obese adults typically exhibit higher levels of 
absolute strength but lower relative strength compared to their non-obese counterparts. Due to 
the physically demanding nature of firefighting, it is possible our sample of obese firefighters 
have been able to maintain higher levels of absolute strength.  Yet, one previous study found that 
obese firefighters had lower torso strength than normal weight firefighters.6  Several other 
studies278-280 investigating firefighter strength, did not investigate differences between normal 
weight and obese firefighters.  Regardless, normalized strength to body mass may be important 




stair climb). Future studies may wish to consider normalizing firefighter strength to body mass, 
or investigate region specific lean mass in relation to the task being completed (e.g., quadricep 
lean mass when assessing stair climb). 
The influence of stress on neuromuscular performance 
An acute stressor increases sympathetic outflow, which has been shown to negatively 
affect neuromuscular performance.133  We initially hypothesized that normal weight firefighters 
would not show differences between the control and stressor condition, but fatigability and 
torque fluctuations would be further impaired in the stress condition for the obese firefighters.  
However, both TTF and torque fluctuations increased in the stressor session when compared to 
the control session for both groups.  Previous studies have indicated shorter time to task failure 
in young health adults when there is an addition of an acute stressor (i.e., mental math),136,139,141 
or no change.142  In veterans with posttraumatic stress disorder (PTSD), a population with known 
increased activation of the sympathetic nervous system, fatigability of the handgrip muscles were 
greater compared with healthy men.140   Interestingly, although the veterans with PTSD had a 
shorter time to task failure in the control and stressor sessions compared to healthy men,  when a 
cognitive stress was imposed, it did not significantly change time to task failure for either 
group140  Keller-Ross et al.140 concluded this was potentially indicative of the men with PTSD 
having overactive sympathetic drive and/or corticomotor hyperexcitability.282,283  However, we 
have no evidence suggesting our obese firefighters differ in sympathetic activation compared to 
the normal weight firefighters.  It is possible that the mental math was a diverting activity (i.e., 
distracted firefighter attention from feelings of muscle fatigue) rather than a cognitive stressor,284 




Steadiness significantly declined in both groups in the stressor condition compared to the 
control session.  This is consistent with a study by Yoon et al.136 showing that steadiness 
declined during a sustained 20% MVC task of the elbow flexor muscles when simultaneously 
performing a high-cognitive demand task for healthy young adults.  In contrast, Keller-Ross et 
al.140 found that healthy men and veterans with PTSD, in conjunction with no change in time to 
task failure, also did not experience decreased steadiness with an imposed stressor despite having 
the same mental math protocol. It is important to note that this study investigated handgrip,140 
and it is possible this is a muscle-specific difference. 
Physiological and perceptual indicators of stress 
Obese firefighters demonstrated similar HR and PEP as well as perceived stress and 
anxiety when compared to their normal-weight counterparts.  These cardiovascular and 
perceptual measures indicated that the mental math was stressful in comparison to the control 
session. Our groups did not differ in mental math performance in the stressor session suggesting 
the stress induced was not based on arithmetic ability. Furthermore, the lack of differences in 
PEP between groups suggests that the groups were stressed to the same extent by the mental 
math. Accelerated HR and decreased PEP are indicators of sympathetic activation285 and are 
related to greater levels of neuromodulators (e.g., norepinephrine).283  Considering that 
measuring HR does not demonstrate whether vagal or beta-adrenergic influences are present, 
typically other measures such as PEP are measured in conjunction.285 PEP reflects cardiac 
contractility, predominantly ruled by beta-adrenergic mechanisms.285 
Interestingly, HR and PEP were only related to time to task failure in the control session 
potentially.  Conversely, HR and PEP were not related to torque fluctuations in the control 




session.  We are aware of no studies that compare the sympathetic response between firefighters 
and healthy controls.  However, one study286 that investigated military personnel suggested that 
adaptive behavioral and physiological profiles under different stress levels exist. The authors 
suggest that expert training in high-stress environments may buffer negative impacts of stress on 
performance.286  It is possible that the firefighters were able to modulate their stress response in 
the stressor session.  In addition, the slope of RPE was related to TTF in both sessions.  Obese 
firefighters experienced a greater increase in exertion throughout the task in both sessions 
compared to normal weight firefighters, which accompanied the shorter TTF.  Both groups had a 
greater rate of perceived exertion during the task in the control session compared to the stressor 
session.  Anxiety was related to time to task failure in the stressor session, despite TTF being 
longer. Neither stress nor anxiety seemed to influence torque fluctuations.  
Recovery from the fatiguing task 
Our surface EMG variables indicate that firefighters were fatiguing throughout the 20% 
task with MDF decreasing, EMG RMS increasing, and coactivation of the biceps femoris 
increasing with no differences by group or session. This is consistent with literature suggesting 
that during submaximal isometric contractions agonist muscle activity (EMG RMS) increases in 
parallel with antagonist activity (coactivation),287-290 and median frequency results in a 
downward shift of the frequency spectrum.291  These changes have been suggested to reflect the 
slowing of action potential conduction velocities along the muscle fiber, the modulation of 
recruitment firing rate, and synchronization.292-294  Leg extensor strength declined following the 
fatiguing task and recovered similarly for normal weight and obese firefighters. Leg extensor 




reported stress and anxiety levels recovering at minute 10. Yet, our cardiovascular measures 
were not fully recovered by minute 15.  
Limitations 
There are several limitations in the present study. Our findings are limited to a sustained 
voluntary isometric fatiguing task rather than dynamic or intermittent static tasks that may be 
more occupationally relevant to firefighters. While previous studies have utilized a similar 
protocol15,19,20  in healthy adults, little is known about the impact of sustained voluntary isometric 
fatiguing tasks in career firefighters. The chosen intensity level (20%) was intended to reflect 
daily functioning, but is by no means comprehensive in regard to workplace demands. Second, 
we did not have a control group from the general population to compare to our normal weight 
and obese firefighters, yet we still obtained valuable insights on career firefighters. Third, our 
sample size specifically in obese firefighters is small, which suggests that our precision may be 
low, and we may be underpowered. Furthermore, our sample may not be entirely representative 
of local career firefighters based on our recruitment strategies. For instance, these firefighters 
volunteered for this study and met all of the inclusion/exclusion criteria. We did not recruit 
firefighters with previous lower extremity injuries that resulted in surgery (e.g. ACL 
reconstruction), however, musculoskeletal injury accounts for approximately half of all 
firefighter injuries with the incidence of injury between 0.7-5.6 per 100 firefighters depending on 
community population size.295 Finally, stress induced by mental math likely does not reflect the 
stress firefighters endure on shift. Although we successfully induced stress in comparison from 
the control session, firefighters may not have perceived the mental math as stressful in 




In conclusion, the present study demonstrated that obesity in career firefighters 
negatively influenced fatigability and steadiness during a submaximal isometric task for the leg 
extensors. In addition, neuromuscular fatigue development was not exacerbated by a stressor 
regarding time to task failure, which was shorter in the control session. However, the cognitive 
stressor did decrease steadiness. These findings were accompanied by higher sympathetic 
activation in the stressor session.  Future research is warranted to understand potential 
differences between career firefighters and healthy adult men under similar experimental 
conditions.  Our findings suggest that obesity and stress both influenced neuromuscular 
performance in career firefighters. Understanding how negative effects of both obesity and stress 
affect firefighter performance and how these effects can be mitigated need to be further 
elucidated. 
Specific Aim 2  
Our sample of firefighters reported a low frequency of meeting dietary guidelines (9.1-
30.3%), a moderate frequency of meeting combined exercise recommendations (aerobic and 
resistance training: 52.9%), and a relatively high frequency of meeting exercise 
recommendations separately (aerobic: 73.4%; resistance training 67.6%).  Moreover, our normal 
weight firefighters and obese firefighters did not show differences in any of the behavioral 
constructs for exercise or eating healthy, or any of the reported habits.  The Centers for Disease 
Control and Prevention296 report that ~53.3% of adults (>18 yr) met aerobic physical activity 
guidelines, and only ~23.2% met both aerobic and resistance training combined, demonstrating 
that our sample has a higher frequency of meeting the exercise recommendations than the 




Americans235 report, approximately 82-85% of our firefighters do not meet vegetable and fruit 
recommendations, respectively, compared with the ~75% of the general adult population.  
Not surprisingly, since highly trained individuals (>6 hours of vigorous activity per 
week) were specifically not recruited for this study, it is understandable that exercise status was 
not different between groups.  However, it is interesting that many of our firefighters were close 
to meeting the standards as there is evidence to suggest firefighters typically have substandard 
fitness.6  A previous study by Poston et al.6 used NPFA standards for strength, flexibility, and 
aerobic capacity and found that obese firefighters were significantly less likely to meet standards 
in comparison to normal weight firefighters.  It is possible that our participants volunteered to 
participate based on health-bias, such as interest in exercise, and that nonparticipants of the study 
may represent a more diverse range of habits (i.e., less healthy and/or highly trained).297 
It is important to note that weight status has been linked to reporting bias. For instance, 
some evidence suggests that overweight individuals overestimate/overreport the amount of 
activity performed,298 and that those who overreport their exercise are less likely to lose weight 
than those who underreport.299  Conversely, Johansson et al.300 found that adults tended to 
underreport energy intake, and were far less likely to overestimate energy intake. Furthermore, 
underreporting of energy intake was strongly associated with BMI and attitudes about weight 
status (i.e., desire for weight loss was related to underreporting in both normal weight and 
overweight subjects).300  Given this reporting bias, it makes sense that when visualizing our data, 
some of the relationships were non-linear (e.g., low or high %BF tended to report lower energy 
intake).   
Regarding the behavioral constructs, previous studies support that higher intention and 




consistent with our findings for aerobic (i.e., intention, self-efficacy, attitudes) and exercise 
combined (i.e., intention, self-efficacy). Some of these studies also suggest perceived behavioral 
control is associated with exercise,252,255  which was not supported by our findings.  It is 
important to note, that these studies included a far greater sample size, ranging from 92 to 1152 
participants.252-255  Our findings also suggest that for every 1-point increase in score for exercise 
intention, attitudes, and self-efficacy, the odds of meeting the resistance training 
recommendation was 3.56, 3.89, and 5.71 times as likely while accounting for %BF. For every 
1-point increase in score for self-efficacy to exercise, the odds of meeting the combined exercise 
recommendation was 2.69 times as likely while accounting for %BF.  However, our findings 
should be interpreted with caution due to the wide confidence intervals, indicating a lack of 
precision in our findings. These studies, in conjunction with the results of the current study, may 
demonstrate that intention, self-efficacy, and attitudes are important behaviors associated with 
exercise status.  In addition to intention being associated with aerobic and combined exercise 
habits, intention was also associated with fruit intake.  Moreover, for every 1-point increase in 
score for intention to eat healthy, the odds of meeting the fruit recommendation was 14.68 times 
as likely while accounting for %BF.  Intention has been reported to be related to fruit 
consumption.301 
Other limitations apart from sample size and reporting bias include the calculation of BEE 
via prediction equations, and lack of specificity of the behavioral questionnaires.  While BEE 
prediction equations are widely used, it is possible BEE was under or overestimated for our 
firefighters. 236,269  Furthermore, our BEE estimates were compared a self-reported value from the 
DHQIII. We are under the assumption that nutritional information was reported as honestly as 




questionnaires for specific components of eating healthy (e.g., eating vegetables versus eating 
protein).  Therefore, it is possible our firefighters have different understanding of what eating 
healthy looks like.  Perceived control for eating healthy did not meet the Cronbach’s alpha criteria 
(0.61); accordingly, this set of three questions may need to be modified and may benefit from more 
specific guidance on the “eating health” definition. 
In summary, this exploratory analysis of firefighters demonstrated that body composition 
did not influence behavioral constructs or habits for exercise and eating healthy.  Our firefighters 
demonstrated a low frequency of meeting eating healthy recommendations and a moderate to 
high frequency of meeting exercise habits.  Intention, self-efficacy, and attitudes may be 
important behavioral constructs to explore given a larger firefighter cohort as they were found to 
be related to exercise habits while controlling for %BF.  Based on these findings, and the high 
prevalence of obesity in the fire service, local firefighters may benefit from exercise and/or 
nutritional interventions as a means to reduce obesity. However, informing an exercise 
intervention with TPB may be more effective than targeting these behaviors in a nutrition 
intervention.  However, a larger sample size inclusive of these measures is needed to fully 





APPENDIX 1: EXERCISE BEHAVIOR QUESTIONNAIRE 
EXERCISE BEHAVIOR       ID#________________ 
Directions: We would like to learn about your views toward exercise behavior. Read each statement and 
then, using the scale beside it, circle the number that most closely matches your response. The opinions 
above the numbers on each scale are provided to guide your number selection along the scale range. There 
are no correct or incorrect answers. Circle your best response. 
 
        
I intend to exercise on a regular basis. 1 2 3 4 5 6 7 
It is important to exercise on a regular basis. 1 2 3 4 5 6 7 
I always exercise on a regular basis. 1 2 3 4 5 6 7 
Physical activities are high priority among other activities. 1 2 3 4 5 6 7 
I exercise how I like and I do not worry about whether it 
improves my health. 
1 2 3 4 5 6 7 
Physical activities help me to have more control over my 
eating behaviors. 
1 2 3 4 5 6 7 
Physical activities allow me to draw more pleasure from leisure 
activities. 
1 2 3 4 5 6 7 
It is important that the physical activity I do…        
Contains cardiovascular (aerobic) exercise 1 2 3 4 5 6 7 
Contains resistance (muscle strengthening) exercise 1 2 3 4 5 6 7 
Keeps me healthy 1 2 3 4 5 6 7 
Is good for my appearance  1 2 3 4 5 6 7 
Is not expensive 1 2 3 4 5 6 7 
Is cheap 1 2 3 4 5 6 7 
Is good value for my money 1 2 3 4 5 6 7 
Is not a waste of time 1 2 3 4 5 6 7 
Is time-efficient 1 2 3 4 5 6 7 








Keeps me awake/alert 1 2 3 4 5 6 7 
Helps me cope with life 1 2 3 4 5 6 7 
Helps me relax 1 2 3 4 5 6 7 
Cheers me up and makes me feel good  1 2 3 4 5 6 7 
Helps me cope with stress 1 2 3 4 5 6 7 
Contributes to my self-esteem 1 2 3 4 5 6 7 
Contributes to my overall sense of well-being 1 2 3 4 5 6 7 
Motivates me to accomplish my goals 1 2 3 4 5 6 7 
Helps me control my weight 1 2 3 4 5 6 7 
Is moderate-intensity (e.g. brisk walking) 1 2 3 4 5 6 7 
Is vigorous-intensity (e.g. jogging) 1 2 3 4 5 6 7 
Helps me bond with my coworkers 1 2 3 4 5 6 7 
Helps me bond with my friends and family 1 2 3 4 5 6 7 
        
I am confident I can exercise on a regular basis…        
When I am feeling tired 1 2 3 4 5 6 7 
When I am feeling under pressure from work 1 2 3 4 5 6 7 
During bad weather 1 2 3 4 5 6 7 
After recovering from an injury that caused me to stop 
exercising 
1 2 3 4 5 6 7 
During or after experiencing personal problems 1 2 3 4 5 6 7 
When I am feeling depressed 1 2 3 4 5 6 7 
When I am feeling anxious 1 2 3 4 5 6 7 
After recovering from an illness that caused me to 
stop exercising 
1 2 3 4 5 6 7 
When I feel physical discomfort when I exercise 1 2 3 4 5 6 7 
After a vacation 1 2 3 4 5 6 7 
When I have too much work to do at home 1 2 3 4 5 6 7 







During holidays 1 2 3 4 5 6 7 
When there are other interesting things to do 1 2 3 4 5 6 7 
If I don’t reach my exercise goals 1 2 3 4 5 6 7 
During a vacation 1 2 3 4 5 6 7 
When I have other time commitments 1 2 3 4 5 6 7 
After experiencing family problems 1 2 3 4 5 6 7 
After having little sleep 1 2 3 4 5 6 7 
When call volume is high 1 2 3 4 5 6 7 
When you are entertaining visitors  1 2 3 4 5 6 7 
Without an exercise partner 1 2 3 4 5 6 7 
Without support from my family or friends 1 2 3 4 5 6 7 
Without support from coworkers 1 2 3 4 5 6 7 
Without support from officers 1 2 3 4 5 6 7 
        
        
        
How much control do you have over whether you do or do not 
exercise on a regular basis? 
1 2 3 4 5 6 7 
        
        
For me to exercise on a regular basis is… 
 
1 2 3 4 5 6 7 
        
        
If I wanted to, I could easily participate in a structured exercise 
program on a regular basis. 



















APPENDIX 2: EATING HEALTHY BEHAVIOR QUESTIONNAIRE 
EATING HEALTHY BEHAVIOR      ID#________________ 
Directions: We would like to learn about your views toward dietary behavior. Read each statement and 
then, using the scale beside it, circle the number that most closely matches your response. The opinions 
above the numbers on each scale are provided to guide your number selection along the scale range. There 
are no correct or incorrect answers.  Circle your best response. 
 
        
I intend to eat healthy on a regular basis. 1 2 3 4 5 6 7 
It is important to eat healthy on a regular basis. 1 2 3 4 5 6 7 
I always follow a healthy and balanced diet. 1 2 3 4 5 6 7 
Eating healthy is high priority among other activities. 1 2 3 4 5 6 7 
I eat what I like and I do not worry about how healthy the food 
is. 
1 2 3 4 5 6 7 
Eating healthy helps me to have more control over my physical 
activity behaviors. 
1 2 3 4 5 6 7 
Eating healthy allows me to draw more pleasure from leisure 
activities. 
1 2 3 4 5 6 7 
It is important that the food I eat…        
Includes fruits and vegetables 1 2 3 4 5 6 7 
Contains protein 1 2 3 4 5 6 7 
Is nutritious 1 2 3 4 5 6 7 
Keeps me healthy 1 2 3 4 5 6 7 
Is good for my appearance 1 2 3 4 5 6 7 
Is not expensive 1 2 3 4 5 6 7 
Is cheap 1 2 3 4 5 6 7 
Is good value for my money 1 2 3 4 5 6 7 
Is not a waste of time to prepare 1 2 3 4 5 6 7 








Keeps me awake/alert 1 2 3 4 5 6 7 
Helps me cope with life 1 2 3 4 5 6 7 
Helps me relax 1 2 3 4 5 6 7 
Cheers me up and makes me feel good  1 2 3 4 5 6 7 
Helps me cope with stress 1 2 3 4 5 6 7 
Contributes to my self-esteem 1 2 3 4 5 6 7 
Contributes to my overall sense of well-being 1 2 3 4 5 6 7 
Motivates me to accomplish my goals 1 2 3 4 5 6 7 
Helps me control my weight 1 2 3 4 5 6 7 
Looks nice 1 2 3 4 5 6 7 
Tastes good 1 2 3 4 5 6 7 
Helps me bond with my coworkers 1 2 3 4 5 6 7 
Helps me bond with my friends and family 1 2 3 4 5 6 7 
        
I am confident I can eat healthy on a regular basis…        
While watching television 1 2 3 4 5 6 7 
When feeling restless or bored 1 2 3 4 5 6 7 
When feeling upset or tense over job-related matters 1 2 3 4 5 6 7 
When upset over family matters 1 2 3 4 5 6 7 
When angry or annoyed 1 2 3 4 5 6 7 
When very hungry 1 2 3 4 5 6 7 
When depressed 1 2 3 4 5 6 7 
When stressed 1 2 3 4 5 6 7 
When you want to sit back and enjoy food 1 2 3 4 5 6 7 
When lots of unhealthy food is available in my house 1 2 3 4 5 6 7 
When lots of unhealthy food is available at the fire 
station 
1 2 3 4 5 6 7 







When faced with appealing unhealthy foods in the 
supermarket 
1 2 3 4 5 6 7 
When you have to prepare your own meals 1 2 3 4 5 6 7 
When feeling a strong urge to eat foods unhealthy 
that you like 
1 2 3 4 5 6 7 
During vacations 1 2 3 4 5 6 7 
At recreational and sport events where unhealthy fast 
foods are served 
1 2 3 4 5 6 7 
When needing a quick meal 1 2 3 4 5 6 7 
When traveling and wanting to experience local food 
and restaurants 
1 2 3 4 5 6 7 
Holidays and celebrations where unhealthy foods are 
served 
1 2 3 4 5 6 7 
When preparing meals for others 1 2 3 4 5 6 7 
When you are entertaining visitors 1 2 3 4 5 6 7 
When others bring or serve unhealthy foods 1 2 3 4 5 6 7 
When eating out with others who are ordering 
unhealthy meals 
1 2 3 4 5 6 7 
Without support from my family or friends 1 2 3 4 5 6 7 
Without support from coworkers 1 2 3 4 5 6 7 
Without support from officers 1 2 3 4 5 6 7 
        
        
How much control do you have over whether you do or do not 
eat healthy on a regular basis? 
1 2 3 4 5 6 7 
        
        













        
        
If I wanted to, I could easily participate in a structured 
nutrition program on a regular basis. 









APPENDIX 3: SCORING MATRIX FOR BEHAVIORAL CONSTRUCTS 
 Construct Number of 
Items Scored 










Intention 1 item 7-point unipolar 
 




Attitudes 29 items 7-point unipolar 
 
Total Attitudes Score =  
 
Average Score of 29 items 
 
Self-efficacy 24 items 7-point unipolar 
 
Total Self-Efficacy Score = 
 
Average Score of 24 items 
 
Perceived 
Control 3 items 7-point unipolar 
 
Total Perceived Control Score = 
 









Intention 1 item 7-point unipolar 
 




Attitudes 29 items 7-point unipolar 
 
Total Attitudes Score = 
 
Average Score of 29 items 
 
Self-efficacy 26 items 7-point unipolar 
 
Total Self-Efficacy Score = 
 
Average Score of 26 items 
 
Perceived 
Control 3 items 7-point unipolar 
 
Total Perceived Control Score = 
 









APPENDIX 4: RECRUITMENT 
 
Major reasons for screening out: 
• 40.8% fell into the overweight BMI 
category (49) 
 
• 35.8% reported performing over 6 
hours of activity per week 
(including aerobic, resistance 
training, and recreational sports) 
(43) 
 
• 9.2% were on medications that 
affected sympathetic activation (11) 
 
• 4.2% reported recent lower body 
injury to the dominant limb (5) 
 
• 4.2% were over 45 yrs (5) 
 
• 2.5% were smokers (3) 
 
• 1.7% had reported losing over 20 
lbs within the last 2 months (2) 
 





APPENDIX 5: FATIGUING TASK RAW MEANS 
Raw mean ± standard deviation values for torque, electromyographic, and cardiovascular measures 
during the fatiguing task 
Condition 1: Control 0% 25% 50% 75% 100% 
  Group             
 NW CV TQ (%) 1.83±0.53 1.51±0.35 2.30±0.97 3.25±1.25 4.97±2.37 
 OB  1.58±0.41 1.44±0.59 2.12±0.96 3.34±1.51 6.16±5.37 
 NW LE EMG (%) 6.13±3.12 7.39±4.08 8.99±5.30 11.39±7.46 15.57±10.09 
 OB  6.76±3.53 7.66±3.82 10.23±6.17 11.68±5.60 17.29±14.95 
 NW 
LE MDF 
(Hz) 66.18±22.64 55.19±19.39 49.83±20.52 44.31±18.83 39.44±18.72 
 OB  73.07±27.73 68.53±23.12 57.50±23.34 51.39±22.67 38.14±19.03 
 NW LF EMG (%) 24.71±15.31 28.90±16.78 32.65±13.65 41.76±18.09 54.15±25.49 
 OB  15.33±9.97 18.58±11.93 23.50±15.56 34.89±28.00 42.32±32.90 
 NW HR (bpm) 73.47±11.49 82.96±12.14 89.81±14.42 94.63±16.76 103.00±19.91 
 OB  75.67±8.26 84.75±7.79 90.33±10.99 97.62±13.40 104.64±16.68 
 NW PEP (ms) 114.30±10.61 114.22±11.28 108.57±11.88 108.61±9.77 105.82±11.47 
 OB  109.94±12.61 105.72±18.89 107.44±19.58 108.71±16.52 106.05±17.68 
Condition 2: Stressor           
 NW CV TQ (%) 2.70±1.15 1.64±0.59 2.60±1.38 3.91±2.10 5.84±2.66 
 OB  22.22±0.72 1.72±0.85 2.38±1.08 3.66±1.93 7.75±6.00 
 NW LE EMG (%) 5.59±2.43 6.82±4.09 8.70±6.25 11.14±9.84 14.05±11.51 
 OB  6.66±4.42 7.94±5.54 9.89±7.59 13.89±14.40 23.63±27.41 
 NW 
LE MDF 
(Hz) 64.72±25.04 56.80±25.36 47.32±18.45 47.15±117.59 37.02±14.52 
 OB  75.66±28.74 67.25±26.05 53.50±19.29 48.16±20.32 37.01±19.74 
 NW LF EMG (%) 22.83±15.77 28.58±15.99 35.22±19.59 44.64±24.28 54.81±28.14 
 OB  17.86±13.07 20.88±13.15 25.19±14.81 34.51±20.61 49.08±33.79 
 NW HR (bpm) 82.54±13.00 87.69±14.00 94.36±19.09 100.46±27.65 105.20±22.78 
 OB  86.33±11.06 92.24±11.38 97.13±12.09 98.45±13.53 104.77±15.80 
 NW PEP (ms) 108.22±12.01 108.36±12.14 107.19±12.31 106.27±10.57 104.99±10.95 







APPENDIX 6: RECOVERY RAW MEANS  
 
Raw mean ± standard deviation values for torque, electromyographic, cardiovascular and perceptual 
measures at baseline and throughout recovery  
Condition 1: Control   Recovery 
 Group   Baseline Minute 0  Minute 2 Minute 5 Minute 10 Minute 15 
          
  NW LE MVC (Nm) 221.17±44.48 202.04±44.13 203.84±43.43 207.11±38.84 222.28±43.52 220.50±43.63 
 OB  278.63±105.12 232.32±75.86 241.92±88.65 261.43±89.71 275.42±83.28 273.37±75.87 
 NW HR (bpm) 67.34±12.23 84.50±17.72 77.77±12.06 73.84±12.25 75.01±12.27 74.79±11.94 
 OB  75.14±9.08 87.41±7.02 79.00±5.77 78.85±7.00 80.10±6.74 79.08±5.78 
 NW PEP (ms) 112.49±10.39 103.71±11.41 107.27±10.79 109.95±10.95 110.98±8.78 112.32±9.38 
 OB  110.50±7.71 101.05±10.73 103.42±7.79 106.06±7.37 103.58±7.95 104.89±12.85 
 NW VAS Stress (AU) 5.87±7.01 31.13±31.70 23.65±23.22 14.17±16.39 11.17±15.90 9.91±14.94 
 OB  4.55±6.80 27.64±23.92 21.55±21.94 18.09±21.75 13.00±15.58 7.73±10.91 
 NW VAS Anxiety (AU) 6.74±7.24 13.43±12.08 9.61±8.47 8.61±7.23 7.65±7.38 6.43±5.97 
 OB  5.55±10.05 19.82±21.09 18.09±18.91 13.73±17.77 8.91±9.32 5.55±7.84 
 NW LE EMGpeak (µV) 296.98±108.91 294.25±100.46 266.17±95.69 255.32±99.97 300.04±114.18 299.01±98.45 
 OB  257.32±187.74 231.53±177.43 189.02±130.18 
216.57±136.3
1 224.17±121.33 227.63±11.09 
 NW LE MDF (Hz) 69.70±11.04 70.10±8.56 73.56±11.77 76.89±11.69 74.16±10.36 75.04±10.59 
 OB  60.70±8.94 58.61±10.63 67.17±11.87 66.89±10.87 65.17±10.43 68.70±11.09 
 NW LF Coactivation (%) 10.02±9.51 10.45±8.32 9.63±7.86 10.36±10.18 11.14±10.07 10.96±9.54 
 OB  11.01±8.43 9.01±5.47 8.43±6.25 9.58±7.20 11.34±8.42 11.32±8.55 
Condition 2: Stressor             
  NW LE MVC (Nm) 227.64±49.60 200.54±41.76 201.89±49.09 224.84±47.71 228.98±50.78 226.88±44.37 
 OB  285.54±100.38 239.80±88.91 246.86±99.00 259.11±93.60 269.02±95.31 275.49±83.16 
 NW HR (bpm) 68.4±12.25 83.52±15.91 78.55±14.86 77.43±13.64 77.61±12.75 75.83±11.50 
 OB  77.58±8.57 90.29±8.08 83.08±8.38 83.66±7.24 83.07±8.76 82.46±8.44 
 NW PEP (ms) 111.98±9.14 104.16±9.09 104.92±9.32 107.02±10.24 109.35±8.51 109.65±8.42 
 OB  105.54±8.65 101.61±9.51 104.10±9.16 105.23±8.83 104.29±6.81 105.26±7.66 
 NW VAS Stress (AU) 8.68±12.16 40.27±25.85 23.00±15.46 15.55±13.33 12.68±12.56 10.50±10.26 
 OB  3.45±2.94 37.64±26.96 27.36±20.59 19.36±14.69 15.36±16.05 11.27±14.03 
 NW VAS Anxiety (AU) 7.50±12.64 25.09±26.33 13.14±12.17 7.59±7.74 6.27±6.90 4.82±5.76 
 OB  4.00±4.31 24.82±23.63 16.55±18.88 11.45±10.95 9.27±8.73 6.45±8.54 
 NW LE EMGpeak (µV) 303.23±108.62 289.86±87.90 252.70±93.45 279.13±89.44 304.28±114.55 295.63±93.04 
 OB  234.30±117.06 223.78±117.98 182.33±94.45 206.62±98.69 220.82±108.67 222.22±95.65 
 NW LE MDF (Hz) 70.64±10.03 72.38±10.21 76.89±13.04 77.72±14.50 76.66±12.85 75.95±13.88 
 OB  65.05±8.25 62.67±12.67 69.64±7.97 68.53±10.08 69.55±11.10 67.80±9.78 
 NW LF Coactivation (%) 10.34±6.63 9.01±5.52 8.03±5.49 9.50±6.58 9.81±7.10 9.95±6.93 





1. Haynes HJG, Stein GP. U.S. Fire Department Profile - 2015. NFPA Research, Quincy, 
MA: National Fire Protection Association;2017. 
2. Houser A, Jackson BA, Bartis JT, Peterson DJ. Emergency responder injuries and 
fatalities: an analysis of surveillance data. In. Santa Monica, CA: RAND Corporation. 
2004. 
3. Technology NIoSa. The economic consequences of firefighter injuries and their 
prevention. Final Report. In. Gaithersberg, MD. 
4. Fahy RF, LeBlanc PR, Molis JL. Firefighter Fatalities in the United States - 2016. 
National Fire Protection Association. 2017;Retrieved from https://www.nfpa.org/-
/media/Files/News-and-Research/Fire-statistics/Fire-service/osFFF.pdf. 
5. Haynes HJG, Molis JL. Unites States Firefighter Injuries - 2016. National Fire 
Protection Association. 2017;Retrieved from https://www.nfpa.org/-/media/Files/News-
and-Research/Fire-statistics/Fire-service/osFFInjuries.pdf. 
6. Poston WS, Haddock CK, Jahnke SA, Jitnarin N, Tuley BC, Kales SN. The prevalence of 
overweight, obesity, and substandard fitness in a population-based firefighter cohort. J 
Occup Environ Med. 2011;53(3):266-273. 
7. Jahnke SA, Poston WS, Haddock CK, Jitnarin N. Obesity and incident injury among 
career firefighters in the central United States. Obesity (Silver Spring). 2013;21(8):1505-
1508. 
8. Michaelides MA, Parpa KM, Henry LJ, Thompson GB, Brown BS. Assessment of 
physical fitness aspects and their relationship to firefighters' job abilities. J Strength Cond 
Res. 2011;25(4):956-965. 
9. Davy KP, Orr JS. Sympathetic nervous system behavior in human obesity. Neurosci 
Biobehav Rev. 2009;33(2):116-124. 
10. Cavuoto LA, Nussbaum MA. The influences of obesity and age on functional 





11. Mehta RK, Cavuoto LA. Relationship Between BMI and Fatigability Is Task Dependent. 
Hum Factors. 2017;59(5):722-733. 
12. Mehta RK, Cavuoto LA. The effects of obesity, age, and relative workload levels on 
handgrip endurance. Appl Ergon. 2015;46 Pt A:91-95. 
13. Enoka RM, Christou EA, Hunter SK, et al. Mechanisms that contribute to differences in 
motor performance between young and old adults. J Electromyogr Kinesiol. 
2003;13(1):1-12. 
14. Tracy BL. Force control is impaired in the ankle plantarflexors of elderly adults. Eur J 
Appl Physiol. 2007;101(5):629-636. 
15. Smith DL, Petruzzello SJ, Kramer JM, Misner JE. Physiological, psychophysical, and 
psychological responses of firefighters to firefighting training drills. Aviat Space Environ 
Med. 1996;67(11):1063-1068. 
16. Petruzzello SJ, Poh PY, Greenlee TA, Goldstein E, Horn GP, Smith DL. Physiological, 
Perceptual and Psychological Responses of Career versus Volunteer Firefighters to Live-
fire Training Drills. Stress Health. 2016;32(4):328-336. 
17. Keller-Ross ML, Pereira HM, Pruse J, et al. Stressor-induced increase in muscle 
fatigability of young men and women is predicted by strength but not voluntary 
activation. J Appl Physiol (1985). 2014;116(7):767-778. 
18. Mehta RK. Impacts of obesity and stress on neuromuscular fatigue development and 
associated heart rate variability. Int J Obes (Lond). 2015;39(2):208-213. 
19. Soteriades ES, Smith DL, Tsismenakis AJ, Baur DM, Kales SN. Cardiovascular disease 
in US firefighters: a systematic review. Cardiol Rev. 2011;19(4):202-215. 
20. Kay BF, Lund MM, Taylor PN, Herbold NH. Assessment of firefighters' cardiovascular 
disease-related knowledge and behaviors. J Am Diet Assoc. 2001;101(7):807-809. 
21. Lowden A, Moreno C, Holmback U, Lennernas M, Tucker P. Eating and shift work - 





22. U.S. Fire Administration. Critical health and safety issues in the volunteer fire service. 
2016 Dec. Available from: 
https://www.usfa.fema.gov/downloads/pdf/publications/critical_health_and_safety_issues
.pdf. 
23. Dobson M, Choi B, Schnall PL, et al. Exploring occupational and health behavioral 
causes of firefighter obesity: a qualitative study. Am J Ind Med. 2013;56(7):776-790. 
24. Jahnke SA, Poston WS, Jitnarin N, Haddock CK. Health concerns of the U.S. fire 
service: perspectives from the firehouse. Am J Health Promot. 2012;27(2):111-118. 
25. Ranby KW, MacKinnon DP, Fairchild AJ, Elliot DL, Kuehl KS, Goldberg L. The 
PHLAME (Promoting Healthy Lifestyles: Alternative Models' Effects) firefighter study: 
testing mediating mechanisms. J Occup Health Psychol. 2011;16(4):501-513. 
26. Staley JA, Weiner B, Linnan L. Firefighter fitness, coronary heart disease, and sudden 
cardiac death risk. Am J Health Behav. 2011;35(5):603-617. 
27. Armitage CJ, Conner M. Efficacy of the Theory of Planned Behaviour: a meta-analytic 
review. Br J Soc Psychol. 2001;40(Pt 4):471-499. 
28. Godin G, Kok G. The theory of planned behavior: a review of its applications to health-
related behaviors. Am J Health Promot. 1996;11(2):87-98. 
29. Villareal DT, Aguirre L, Gurney AB, et al. Aerobic or Resistance Exercise, or Both, in 
Dieting Obese Older Adults. N Engl J Med. 2017;376(20):1943-1955. 
30. Enoka RM, Duchateau J. Translating fatigue to human performance. Medicine and 
science in sports and exercise. 2016;48(11):2228. 
31. Kent‐Braun JA, Fitts RH, Christie A. Skeletal muscle fatigue. Comprehensive 
Physiology. 2012. 
32. Kluger BM, Krupp LB, Enoka RM. Fatigue and fatigability in neurologic illnesses 




33. Taylor JL, Amann M, Duchateau J, Meeusen R, Rice CL. Neural contributions to muscle 
fatigue: from the brain to the muscle and back again. Medicine and science in sports and 
exercise. 2016;48(11):2294. 
34. Hunter SK. Performance Fatigability: Mechanisms and Task Specificity. Cold Spring 
Harbor perspectives in medicine. 2017:a029728. 
35. Gandevia S, Allen G, McKenzie D. Central fatigue. Paper presented at: Fatigue1995. 
36. Davis JM, Bailey SP. Possible mechanisms of central nervous system fatigue during 
exercise. Medicine and science in sports and exercise. 1997;29(1):45-57. 
37. Zehr PE. Considerations for use of the Hoffmann reflex in exercise studies. European 
journal of applied physiology. 2002;86(6):455-468. 
38. George MS, Nahas Z, Lisanby SH, Schlaepfer T, Kozel FA, Greenberg BD. Transcranial 
magnetic stimulation. Neurosurgery Clinics. 2003;14(2):283-301. 
39. Gandevia S, Allen GM, Butler JE, Taylor JL. Supraspinal factors in human muscle 
fatigue: evidence for suboptimal output from the motor cortex. The Journal of 
physiology. 1996;490(2):529-536. 
40. Sogaard K, Gandevia SC, Todd G, Petersen NT, Taylor JL. The effect of sustained low-
intensity contractions on supraspinal fatigue in human elbow flexor muscles. J Physiol. 
2006;573(Pt 2):511-523. 
41. Loscher WN, Cresswell AG, Thorstensson A. Central fatigue during a long-lasting 
submaximal contraction of the triceps surae. Exp Brain Res. 1996;108(2):305-314. 
42. Sacco P, Thickbroom GW, Thompson ML, Mastaglia FL. Changes in corticomotor 
excitation and inhibition during prolonged submaximal muscle contractions. Muscle 
Nerve. 1997;20(9):1158-1166. 
43. Zijdewind I, Zwarts MJ, Kernell D. Influence of a voluntary fatigue test on the 




44. Søgaard K, Gandevia SC, Todd G, Petersen NT, Taylor JL. The effect of sustained low‐
intensity contractions on supraspinal fatigue in human elbow flexor muscles. The Journal 
of physiology. 2006;573(2):511-523. 
45. Gandevia SC. Spinal and supraspinal factors in human muscle fatigue. Physiol Rev. 
2001;81(4):1725-1789. 
46. Taylor JL, Allen GM, Butler JE, Gandevia SC. Supraspinal fatigue during intermittent 
maximal voluntary contractions of the human elbow flexors. J Appl Physiol (1985). 
2000;89(1):305-313. 
47. Todd G, Taylor JL, Gandevia SC. Measurement of voluntary activation of fresh and 
fatigued human muscles using transcranial magnetic stimulation. J Physiol. 2003;551(Pt 
2):661-671. 
48. Bigland-Ritchie B, Johansson R, Lippold O, Woods J. Contractile speed and EMG 
changes during fatigue of sustained maximal voluntary contractions. Journal of 
neurophysiology. 1983;50(1):313-324. 
49. Bigland-Ritchie B, Cafarelli E, Vollestad N. Fatigue of submaximal static contractions. 
Acta Physiol Scand Suppl. 1986;556:137-148. 
50. Tesch P, Dudley G, Duvoisin M, Hather B, Harris R. Force and EMG signal patterns 
during repeated bouts of concentric or eccentric muscle actions. Acta Physiologica. 
1990;138(3):263-271. 
51. Westing S, Cresswell A, Thorstensson A. Muscle activation during maximal voluntary 
eccentric and concentric knee extension. European journal of applied physiology and 
occupational physiology. 1991;62(2):104-108. 
52. Allen DG, Lamb GD, Westerblad H. Skeletal muscle fatigue: cellular mechanisms. 
Physiol Rev. 2008;88(1):287-332. 
53. Knikou M. The H-reflex as a probe: pathways and pitfalls. J Neurosci Methods. 
2008;171(1):1-12. 
54. Rodriguez-Falces J, Place N. Determinants, analysis and interpretation of the muscle 
compound action potential (M wave) in humans: implications for the study of muscle 




55. Place N, Martin A, Ballay Y, Lepers R. Neuromuscular fatigue differs with biofeedback 
type when performing a submaximal contraction. J Electromyogr Kinesiol. 
2007;17(3):253-263. 
56. West W, Hicks A, McKelvie R, O'Brien J. The relationship between plasma potassium, 
muscle membrane excitability and force following quadriceps fatigue. Pflugers Arch. 
1996;432(1):43-49. 
57. Plaskett CJ, Cafarelli E. Caffeine increases endurance and attenuates force sensation 
during submaximal isometric contractions. J Appl Physiol (1985). 2001;91(4):1535-1544. 
58. Place N, Matkowski B, Martin A, Lepers R. Synergists activation pattern of the 
quadriceps muscle differs when performing sustained isometric contractions with 
different EMG biofeedback. Exp Brain Res. 2006;174(4):595-603. 
59. Bilodeau M, Henderson TK, Nolta BE, Pursley PJ, Sandfort GL. Effect of aging on 
fatigue characteristics of elbow flexor muscles during sustained submaximal contraction. 
J Appl Physiol (1985). 2001;91(6):2654-2664. 
60. Bigland-Ritchie B, Furbush F, Woods JJ. Fatigue of intermittent submaximal voluntary 
contractions: central and peripheral factors. J Appl Physiol (1985). 1986;61(2):421-429. 
61. Vollestad NK, Sejersted OM, Bahr R, Woods JJ, Bigland-Ritchie B. Motor drive and 
metabolic responses during repeated submaximal contractions in humans. J Appl Physiol 
(1985). 1988;64(4):1421-1427. 
62. Baker AJ, Kostov KG, Miller RG, Weiner MW. Slow force recovery after long-duration 
exercise: metabolic and activation factors in muscle fatigue. J Appl Physiol (1985). 
1993;74(5):2294-2300. 
63. Duchateau J, Hainaut K. Electrical and mechanical failures during sustained and 
intermittent contractions in humans. J Appl Physiol (1985). 1985;58(3):942-947. 
64. Ng AV, Miller RG, Gelinas D, Kent-Braun JA. Functional relationships of central and 
peripheral muscle alterations in multiple sclerosis. Muscle Nerve. 2004;29(6):843-852. 
65. Pajoutan M, Ghesmaty Sangachin M, Cavuoto LA. Central and peripheral fatigue 
development in the shoulder muscle with obesity during an isometric endurance task. 




66. Westerblad H, Allen DG, Lannergren J. Muscle fatigue: lactic acid or inorganic 
phosphate the major cause? News Physiol Sci. 2002;17:17-21. 
67. Weir JP, Beck TW, Cramer JT, Housh TJ. Is fatigue all in your head? A critical review of 
the central governor model. Br J Sports Med. 2006;40(7):573-586; discussion 586. 
68. Hepple RT. The role of O2 supply in muscle fatigue. Can J Appl Physiol. 2002;27(1):56-
69. 
69. Haseler LJ, Richardson RS, Videen JS, Hogan MC. Phosphocreatine hydrolysis during 
submaximal exercise: the effect of FIO2. J Appl Physiol (1985). 1998;85(4):1457-1463. 
70. Sahlin K, Edstrom L, Sjoholm H, Hultman E. Effects of lactic acid accumulation and 
ATP decrease on muscle tension and relaxation. American Journal of Physiology-Cell 
Physiology. 1981;240(3):C121-C126. 
71. Fitts RH, Holloszy J. Lactate and contractile force in frog muscle during development of 
fatigue and recovery. American Journal of Physiology-Legacy Content. 1976;231(2):430-
433. 
72. Cairns SP. Lactic acid and exercise performance. Sports Medicine. 2006;36(4):279-291. 
73. Fitts RH. The cross-bridge cycle and skeletal muscle fatigue. J Appl Physiol (1985). 
2008;104(2):551-558. 
74. Weston AR, Myburgh KH, Lindsay FH, Dennis SC, Noakes TD, Hawley JA. Skeletal 
muscle buffering capacity and endurance performance after high-intensity interval 
training by well-trained cyclists. Eur J Appl Physiol Occup Physiol. 1997;75(1):7-13. 
75. Ranatunga K. Effects of acidosis on tension development in mammalian skeletal muscle. 
Muscle & nerve. 1987;10(5):439-445. 
76. Pate E, Bhimani M, Franks-Skiba K, Cooke R. Reduced effect of pH on skinned rabbit 





77. Bruton JD, Lannergren J, Westerblad H. Effects of CO2-induced acidification on the 
fatigue resistance of single mouse muscle fibers at 28 C. Journal of Applied Physiology. 
1998;85(2):478-483. 
78. Westerblad H, Bruton J, Lännergren J. The effect of intracellular pH on contractile 
function of intact, single fibres of mouse muscle declines with increasing temperature. 
The Journal of physiology. 1997;500(1):193-204. 
79. Allen DG, Lamb GD, Westerblad H. Impaired calcium release during fatigue. Journal of 
applied physiology. 2008;104(1):296-305. 
80. Allen D, Westerblad H. Physiology. Lactic acid--the latest performance-enhancing drug. 
Science. 2004;305(5687):1112-1113. 
81. MacDougal D, Sale D. The Physiology of Training for High Performance. Oxford, 
United Kingdom: Oxford University Press; 2014. 
82. Eberstein A, Sandow A. Fatigue mechanisms in muscle fibres. . Elsevier. 1963. 
83. Edman KA. Myofibrillar fatigue versus failure of activation. Adv Exp Med Biol. 
1995;384:29-43. 
84. Danieli-Betto D, Germinario E, Esposito A, Biral D, Betto R. Effects of fatigue on 
sarcoplasmic reticulum and myofibrillar properties of rat single muscle fibers. J Appl 
Physiol (1985). 2000;89(3):891-898. 
85. Barclay JK. A delivery-independent blood flow effect on skeletal muscle fatigue. J Appl 
Physiol (1985). 1986;61(3):1084-1090. 
86. Enoka RM. Neuromechanics of Human Movement. 5 ed. Champaign, IL: Human 
Kinetics; 2015. 
87. Enoka RM, Stuart DG. Neurobiology of muscle fatigue. Journal of applied physiology. 
1992;72(5):1631-1648. 
88. Hunter SK, Yoon T, Farinella J, Griffith EE, Ng AV. Time to task failure and muscle 
activation vary with load type for a submaximal fatiguing contraction with the lower leg. 




89. Frey Law LA, Avin KG. Endurance time is joint-specific: a modelling and meta-analysis 
investigation. Ergonomics. 2010;53(1):109-129. 
90. Hunter SK, Ryan DL, Ortega JD, Enoka RM. Task differences with the same load torque 
alter the endurance time of submaximal fatiguing contractions in humans. Journal of 
neurophysiology. 2002;88(6):3087-3096. 
91. Burkholder TJ, Fingado B, Baron S, Lieber RL. Relationship between muscle fiber types 
and sizes and muscle architectural properties in the mouse hindlimb. Journal of 
morphology. 1994;221(2):177-190. 
92. Staron RS, Hagerman FC, Hikida RS, et al. Fiber type composition of the vastus lateralis 
muscle of young men and women. Journal of histochemistry & cytochemistry. 
2000;48(5):623-629. 
93. Armstrong R, Phelps R. Muscle fiber type composition of the rat hindlimb. 
Developmental Dynamics. 1984;171(3):259-272. 
94. Neyroud D, Rüttimann J, Mannion AF, et al. Comparison of neuromuscular adjustments 
associated with sustained isometric contractions of four different muscle groups. Journal 
of Applied Physiology. 2013;114(10):1426-1434. 
95. Tracy BL, Maluf KS, Stephenson JL, Hunter SK, Enoka RM. Variability of motor unit 
discharge and force fluctuations across a range of muscle forces in older adults. Muscle 
Nerve. 2005;32(4):533-540. 
96. Fitts PM. The information capacity of the human motor system in controlling the 
amplitude of movement. J Exp Psychol. 1954;47(6):381-391. 
97. Carville SF, Perry MC, Rutherford OM, Smith IC, Newham DJ. Steadiness of quadriceps 
contractions in young and older adults with and without a history of falling. Eur J Appl 
Physiol. 2007;100(5):527-533. 
98. Pua YH, Clark RA, Bryant AL. Physical function in hip osteoarthritis: relationship to 
isometric knee extensor steadiness. Arch Phys Med Rehabil. 2010;91(7):1110-1116. 
99. Fuglevand AJ, Winter DA, Patla AE. Models of recruitment and rate coding organization 




100. Ye X, Beck TW, Wages NP. Influences of dynamic exercise on force steadiness and 
common drive. J Musculoskelet Neuronal Interact. 2014;14(3):377-386. 
101. Missenard O, Mottet D, Perrey S. Factors responsible for force steadiness impairment 
with fatigue. Muscle Nerve. 2009;40(6):1019-1032. 
102. Moritz CT, Barry BK, Pascoe MA, Enoka RM. Discharge rate variability influences the 
variation in force fluctuations across the working range of a hand muscle. J 
Neurophysiol. 2005;93(5):2449-2459. 
103. Taylor AM, Enoka RM. Quantification of the factors that influence discharge correlation 
in model motor neurons. J Neurophysiol. 2004;91(2):796-814. 
104. Tanji J, Kato M. Firing rate of individual motor units in voluntary contraction of abductor 
digiti minimi muscle in man. Exp Neurol. 1973;40(3):771-783. 
105. Sears T, Stagg D. Short‐term synchronization of intercostal motoneurone activity. The 
Journal of physiology. 1976;263(3):357-381. 
106. Yao W, Fuglevand RJ, Enoka RM. Motor-unit synchronization increases EMG amplitude 
and decreases force steadiness of simulated contractions. Journal of Neurophysiology. 
2000;83(1):441-452. 
107. Dartnall TJ, Nordstrom MA, Semmler JG. Motor unit synchronization is increased in 
biceps brachii after exercise-induced damage to elbow flexor muscles. J Neurophysiol. 
2008;99(2):1008-1019. 
108. Laidlaw DH, Bilodeau M, Enoka RM. Steadiness is reduced and motor unit discharge is 
more variable in old adults. Muscle Nerve. 2000;23(4):600-612. 
109. Beck TW, Defreitas JM, Stock MS, Dillon MA. Effects of resistance training on force 
steadiness and common drive. Muscle Nerve. 2011;43(2):245-250. 
110. Krishnan C, Allen EJ, Williams GN. Effect of knee position on quadriceps muscle force 




111. Christou EA, Shinohara M, Enoka RM. Fluctuations in acceleration during voluntary 
contractions lead to greater impairment of movement accuracy in old adults. J Appl 
Physiol (1985). 2003;95(1):373-384. 
112. Laidlaw DH, Kornatz KW, Keen DA, Suzuki S, Enoka RM. Strength training improves 
the steadiness of slow lengthening contractions performed by old adults. J Appl Physiol 
(1985). 1999;87(5):1786-1795. 
113. Kornatz KW, Christou EA, Enoka RM. Practice reduces motor unit discharge variability 
in a hand muscle and improves manual dexterity in old adults. J Appl Physiol (1985). 
2005;98(6):2072-2080. 
114. Vila-Cha C, Falla D. Strength training, but not endurance training, reduces motor unit 
discharge rate variability. J Electromyogr Kinesiol. 2016;26:88-93. 
115. Christou EA, Carlton LG. Old adults exhibit greater motor output variability than young 
adults only during rapid discrete isometric contractions. J Gerontol A Biol Sci Med Sci. 
2001;56(12):B524-532. 
116. Tax AA, Denier van der Gon JJ, Erkelens CJ. Differences in coordination of elbow flexor 
muscles in force tasks and in movement tasks. Exp Brain Res. 1990;81(3):567-572. 
117. Christou EA, Carlton LG. Age and contraction type influence motor output variability in 
rapid discrete tasks. J Appl Physiol (1985). 2002;93(2):489-498. 
118. Tracy BL, Mehoudar PD, Ortega JD, Enoka RM. The steadiness of isometric contractions 
is similar between upper and lower extremity muscle group. Med Sci Sports Exerc. 
2002;34:S19. 
119. Burnett RA, Laidlaw DH, Enoka RM. Coactivation of the antagonist muscle does not 
covary with steadiness in old adults. J Appl Physiol (1985). 2000;89(1):61-71. 
120. Galganski ME, Fuglevand AJ, Enoka RM. Reduced control of motor output in a human 
hand muscle of elderly subjects during submaximal contractions. J Neurophysiol. 
1993;69(6):2108-2115. 
121. Keen DA, Yue GH, Enoka RM. Training-related enhancement in the control of motor 




122. Seynnes O, Hue OA, Garrandes F, et al. Force steadiness in the lower extremities as an 
independent predictor of functional performance in older women. Journal of aging and 
physical activity. 2005;13(4):395-408. 
123. Pua Y-H, Clark RA, Bryant AL. Physical function in hip osteoarthritis: relationship to 
isometric knee extensor steadiness. Archives of physical medicine and rehabilitation. 
2010;91(7):1110-1116. 
124. Marmon AR, Pascoe MA, Schwartz RS, Enoka RM. Associations among strength, 
steadiness, and hand function across the adult life span. Medicine and science in sports 
and exercise. 2011;43(4):560-567. 
125. Cavuoto LA, Nussbaum MA. Differences in functional performance of the shoulder 
musculature with obesity and aging. Int J Ind Ergon. 2013;43(5):393-399. 
126. Maffiuletti NA, Jubeau M, Munzinger U, et al. Differences in quadriceps muscle strength 
and fatigue between lean and obese subjects. Eur J Appl Physiol. 2007;101(1):51-59. 
127. Wade AJ, Marbut MM, Round JM. Muscle fibre type and aetiology of obesity. Lancet. 
1990;335(8693):805-808. 
128. Saltin B, Henriksson J, Nygaard E, Andersen P, Jansson E. Fiber types and metabolic 
potentials of skeletal muscles in sedentary man and endurance runners. Ann N Y Acad Sci. 
1977;301:3-29. 
129. Pajoutan M, Mehta RK, Cavuoto LA. The effect of obesity on central activation failure 
during ankle fatigue: a pilot investigation. Fatigue: Biomedicine, Health Behav. 
2016;4(2):115-126. 
130. Kern PA, Simsolo RB, Fournier M. Effect of weight loss on muscle fiber type, fiber size, 
capillarity, and succinate dehydrogenase activity in humans. J Clin Endocrinol Metab. 
1999;84(11):4185-4190. 
131. Newcomer BR, Larson-Meyer DE, Hunter GR, Weinsier RL. Skeletal muscle 
metabolism in overweight and post-overweight women: an isometric exercise study using 





132. Mehta RK, Shortz AE. Obesity-related differences in neural correlates of force control. 
Eur J Appl Physiol. 2014;114(1):197-204. 
133. Roatta S, Farina D. Sympathetic actions on the skeletal muscle. Exerc Sport Sci Rev. 
2010;38(1):31-35. 
134. Hellstrom F, Roatta S, Thunberg J, Passatore M, Djupsjobacka M. Responses of muscle 
spindles in feline dorsal neck muscles to electrical stimulation of the cervical sympathetic 
nerve. Exp Brain Res. 2005;165(3):328-342. 
135. Thomas GD, Segal SS. Neural control of muscle blood flow during exercise. J Appl 
Physiol (1985). 2004;97(2):731-738. 
136. Yoon T, Keller ML, De-Lap BS, Harkins A, Lepers R, Hunter SK. Sex differences in 
response to cognitive stress during a fatiguing contraction. J Appl Physiol (1985). 
2009;107(5):1486-1496. 
137. Pereira HM, Spears VC, Schlinder-Delap B, et al. Sex Differences in Arm Muscle 
Fatigability With Cognitive Demand in Older Adults. Clin Orthop Relat Res. 
2015;473(8):2568-2577. 
138. Kajantie E, Phillips DI. The effects of sex and hormonal status on the physiological 
response to acute psychosocial stress. Psychoneuroendocrinology. 2006;31(2):151-178. 
139. Noteboom JT, Fleshner M, Enoka RM. Activation of the arousal response can impair 
performance on a simple motor task. J Appl Physiol (1985). 2001;91(2):821-831. 
140. Keller-Ross ML, Schlinder-Delap B, Doyel R, Larson G, Hunter SK. Muscle fatigability 
and control of force in men with posttraumatic stress disorder. Med Sci Sports Exerc. 
2014;46(7):1302-1313. 
141. Christou EA, Jakobi JM, Critchlow A, Fleshner M, Enoka RM. The 1- to 2-Hz 
oscillations in muscle force are exacerbated by stress, especially in older adults. J Appl 
Physiol (1985). 2004;97(1):225-235. 
142. Vanden Noven ML, Pereira HM, Yoon T, Stevens AA, Nielson KA, Hunter SK. Motor 
Variability during Sustained Contractions Increases with Cognitive Demand in Older 




143. Tracy BL, Enoka RM. Older adults are less steady during submaximal isometric 
contractions with the knee extensor muscles. Journal of Applied Physiology. 
2002;92(3):1004-1012. 
144. Galganski ME, Fuglevand AJ, Enoka RM. Reduced control of motor output in a human 
hand muscle of elderly subjects during submaximal contractions. Journal of 
neurophysiology. 1993;69(6):2108-2115. 
145. Klein CS, Marsh GD, Petrella RJ, Rice CL. Muscle fiber number in the biceps brachii 
muscle of young and old men. Muscle Nerve. 2003;28(1):62-68. 
146. Lexell J. Human aging, muscle mass, and fiber type composition. J Gerontol A Biol Sci 
Med Sci. 1995;50 Spec No:11-16. 
147. Bazzucchi I, Marchetti M, Rosponi A, et al. Differences in the force/endurance 
relationship between young and older men. Eur J Appl Physiol. 2005;93(4):390-397. 
148. Yassierli, Nussbaum MA, Iridiastadi H, Wojcik LA. The influence of age on isometric 
endurance and fatigue is muscle dependent: a study of shoulder abduction and torso 
extension. Ergonomics. 2007;50(1):26-45. 
149. Callahan DM, Umberger BR, Kent JA. Mechanisms of in vivo muscle fatigue in humans: 
investigating age‐related fatigue resistance with a computational model. The Journal of 
physiology. 2016;594(12):3407-3421. 
150. Christie A, Snook EM, Kent-Braun JA. Systematic review and meta-analysis of skeletal 
muscle fatigue in old age. Medicine and science in sports and exercise. 2011;43(4):568. 
151. Dalton BH, Power GA, Vandervoort AA, Rice CL. Power loss is greater in old men than 
young men during fast plantar flexion contractions. Journal of Applied Physiology. 
2010;109(5):1441-1447. 
152. Dalton BH, Power GA, Vandervoort AA, Rice CL. The age-related slowing of voluntary 
shortening velocity exacerbates power loss during repeated fast knee extensions. 
Experimental gerontology. 2012;47(1):85-92. 
153. McNeil CJ, Rice CL. Fatigability is increased with age during velocity-dependent 
contractions of the dorsiflexors. The Journals of Gerontology Series A: Biological 




154. Senefeld J, Yoon T, Hunter SK. Age differences in dynamic fatigability and variability of 
arm and leg muscles: Associations with physical function. Experimental gerontology. 
2017;87:74-83. 
155. Jubrias SA, Odderson IR, Esselman PC, Conley KE. Decline in isokinetic force with age: 
muscle cross-sectional area and specific force. Pflügers Archiv. 1997;434(3):246-253. 
156. Justice JN, Mani D, Pierpoint LA, Enoka RM. Fatigability of the dorsiflexors and 
associations among multiple domains of motor function in young and old adults. 
Experimental gerontology. 2014;55:92-101. 
157. Dalton BH, Power GA, Vandervoort AA, Rice CL. Power loss is greater in old men than 
young men during fast plantar flexion contractions. J Appl Physiol (1985). 
2010;109(5):1441-1447. 
158. Dalton BH, Power GA, Vandervoort AA, Rice CL. The age-related slowing of voluntary 
shortening velocity exacerbates power loss during repeated fast knee extensions. Exp 
Gerontol. 2012;47(1):85-92. 
159. Layec G, Trinity JD, Hart CR, et al. Impact of age on exercise-induced ATP supply 
during supramaximal plantar flexion in humans. American Journal of Physiology-
Regulatory, Integrative and Comparative Physiology. 2015;309(4):R378-R388. 
160. Sundberg CW, Kuplic A, Hassanlouei H, Hunter SK. Mechanisms for the age-related 
increase in fatigability of the knee extensors in old and very old adults. Journal of 
Applied Physiology. 2018. 
161. Wüst RC, Morse CI, De Haan A, Jones DA, Degens H. Sex differences in contractile 
properties and fatigue resistance of human skeletal muscle. Experimental physiology. 
2008;93(7):843-850. 
162. Bilodeau M, Erb MD, Nichols JM, Joiner KL, Weeks JB. Fatigue of elbow flexor 
muscles in younger and older adults. Muscle & nerve. 2001;24(1):98-106. 
163. Hunter SK, Todd G, Butler JE, Gandevia SC, Taylor JL. Recovery from supraspinal 
fatigue is slowed in old adults after fatiguing maximal isometric contractions. J Appl 




164. Hunter SK, Todd G, Butler JE, Gandevia SC, Taylor JL. Recovery from supraspinal 
fatigue is slowed in old adults after fatiguing maximal isometric contractions. Journal of 
Applied Physiology. 2008;105(4):1199-1209. 
165. Kennedy DS, McNeil CJ, Gandevia SC, Taylor JL. Effects of fatigue on corticospinal 
excitability of the human knee extensors. Experimental physiology. 2016;101(12):1552-
1564. 
166. Fuglevand A, Zackowski K, Huey K, Enoka R. Impairment of neuromuscular 
propagation during human fatiguing contractions at submaximal forces. The Journal of 
physiology. 1993;460(1):549-572. 
167. C Clark B, L Taylor J. Age-related changes in motor cortical properties and voluntary 
activation of skeletal muscle. Current aging science. 2011;4(3):192-199. 
168. Marner L, Nyengaard JR, Tang Y, Pakkenberg B. Marked loss of myelinated nerve fibers 
in the human brain with age. Journal of comparative neurology. 2003;462(2):144-152. 
169. Salat DH, Buckner RL, Snyder AZ, et al. Thinning of the cerebral cortex in aging. 
Cerebral cortex. 2004;14(7):721-730. 
170. Segovia G, Porras A, Del Arco A, Mora F. Glutamatergic neurotransmission in aging: a 
critical perspective. Mechanisms of ageing and development. 2001;122(1):1-29. 
171. Harris CM, Wolpert DM. Signal-dependent noise determines motor planning. Nature. 
1998;394(6695):780-784. 
172. Christou EA. Aging and variability of voluntary contractions. Exerc Sport Sci Rev. 
2011;39(2):77-84. 
173. Taylor A. The significance of grouping of motor unit activity. J Physiol. 1962;162:259-
269. 
174. Oomen NM, van Dieën JH. Effects of age on force steadiness: a literature review and 




175. Holloszy JO, Larsson L. Motor units: remodeling in aged animals. The Journals of 
Gerontology Series A: Biological Sciences and Medical Sciences. 
1995;50(Special_Issue):91-95. 
176. Kanda K, Hashizume K. Changes in properties of the medial gastrocnemius motor units 
in aging rats. Journal of neurophysiology. 1989;61(4):737-746. 
177. Brown RE, Edwards DL, Jakobi JM. Sex differences in force steadiness in three positions 
of the forearm. Eur J Appl Physiol. 2010;110(6):1251-1257. 
178. Miller AE, MacDougall JD, Tarnopolsky MA, Sale DG. Gender differences in strength 
and muscle fiber characteristics. Eur J Appl Physiol Occup Physiol. 1993;66(3):254-262. 
179. Kanehisa H, Ikegawa S, Fukunaga T. Comparison of muscle cross-sectional area and 
strength between untrained women and men. Eur J Appl Physiol Occup Physiol. 
1994;68(2):148-154. 
180. Staron RS, Hagerman FC, Hikida RS, et al. Fiber type composition of the vastus lateralis 
muscle of young men and women. J Histochem Cytochem. 2000;48(5):623-629. 
181. Hunter SK. The Relevance of Sex Differences in Performance Fatigability. Medicine and 
science in sports and exercise. 2016;48(11):2247-2256. 
182. Hunter SK, Critchlow A, Shin I-S, Enoka RM. Men are more fatigable than strength-
matched women when performing intermittent submaximal contractions. Journal of 
Applied Physiology. 2004;96(6):2125-2132. 
183. Maughan RJ, Harmon M, Leiper JB, Sale D, Delman A. Endurance capacity of untrained 
males and females in isometric and dynamic muscular contractions. Eur J Appl Physiol 
Occup Physiol. 1986;55(4):395-400. 
184. Martin PG, Rattey J. Central fatigue explains sex differences in muscle fatigue and 
contralateral cross-over effects of maximal contractions. Pflügers Archiv-European 
Journal of Physiology. 2007;454(6):957-969. 
185. Russ DW, Kent-Braun JA. Sex differences in human skeletal muscle fatigue are 





186. Hunter SK, Schletty JM, Schlachter KM, Griffith EE, Polichnowski AJ, Ng AV. Active 
hyperemia and vascular conductance differ between men and women for an isometric 
fatiguing contraction. Journal of Applied Physiology. 2006;101(1):140-150. 
187. Esbjörnsson M, Sylven C, Holm I, Jansson E. Fast twitch fibres may predict anaerobic 
performance in both females and males. International journal of sports medicine. 
1993;14(05):257-263. 
188. Harwood B, Cornett KM, Edwards DL, Brown RE, Jakobi JM. The effect of tendon 
vibration on motor unit activity, intermuscular coherence and force steadiness in the 
elbow flexors of males and females. Acta Physiol (Oxf). 2014;211(4):597-608. 
189. Folland JP, Williams AG. The adaptations to strength training : morphological and 
neurological contributions to increased strength. Sports Med. 2007;37(2):145-168. 
190. Adab P, Pallan M, Whincup PH. Is BMI the best measure of obesity? BMJ. 
2018;360:k1274. 
191. Okorodudu DO, Jumean MF, Montori VM, et al. Diagnostic performance of body mass 
index to identify obesity as defined by body adiposity: a systematic review and meta-
analysis. Int J Obes (Lond). 2010;34(5):791-799. 
192. Aune D, Sen A, Prasad M, et al. BMI and all cause mortality: systematic review and non-
linear dose-response meta-analysis of 230 cohort studies with 3.74 million deaths among 
30.3 million participants. BMJ. 2016;353:i2156. 
193. Padwal R, Leslie WD, Lix LM, Majumdar SR. Relationship Among Body Fat 
Percentage, Body Mass Index, and All-Cause Mortality: A Cohort Study. Ann Intern 
Med. 2016;164(8):532-541. 
194. Smith-Ryan AE, Mock MG, Ryan ED, Gerstner GR, Trexler ET, Hirsch KR. Validity 
and reliability of a 4-compartment body composition model using dual energy x-ray 
absorptiometry-derived body volume. Clin Nutr. 2017;36(3):825-830. 
195. Wang ZM, Deurenberg P, Guo SS, et al. Six-compartment body composition model: 





196. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity among adults and 
youth: United States, 2015-2016. US Department of Health and Human Services, Centers 
for Disease Control and Prevention, National Center for Health Statistics; 2017. 
197. Centers for Disease Control and Prevention, National Center for Chronic Disease 
Prevention and Health Promotion, Division of Population Health. BRFSS Prevalence & 
Trends Data [online]. 2015. [accessed Aug 30, 2018]. URL: 
https://www.cdc.gov/brfss/brfssprevalence/. 
198. Tsismenakis AJ, Christophi CA, Burress JW, Kinney AM, Kim M, Kales SN. The 
obesity epidemic and future emergency responders. Obesity (Silver Spring). 
2009;17(8):1648-1650. 
199. Soteriades ES, Hauser R, Kawachi I, Liarokapis D, Christiani DC, Kales SN. Obesity and 
cardiovascular disease risk factors in firefighters: a prospective cohort study. Obes Res. 
2005;13(10):1756-1763. 
200. Jitnarin N, Poston WS, Haddock CK, Jahnke SA, Day RS. Accuracy of Body Mass 
Index-defined Obesity Status in US Firefighters. Saf Health Work. 2014;5(3):161-164. 
201. Scheer FA, Hilton MF, Mantzoros CS, Shea SA. Adverse metabolic and cardiovascular 
consequences of circadian misalignment. Proc Natl Acad Sci U S A. 2009;106(11):4453-
4458. 
202. Shields M. Shift work and health. Health Rep. 2002;13(4):11-33. 
203. Block JP, He Y, Zaslavsky AM, Ding L, Ayanian JZ. Psychosocial stress and change in 
weight among US adults. Am J Epidemiol. 2009;170(2):181-192. 
204. Barnard RJ, Duncan HW. Heart rate and ECG responses of fire fighters. J Occup Med. 
1975;17(4):247-250. 
205. Smith DL, Manning TS, Petruzzello SJ. Effect of strenuous live-fire drills on 
cardiovascular and psychological responses of recruit firefighters. Ergonomics. 
2001;44(3):244-254. 
206. Sothmann MS, Saupe K, Jasenof D, Blaney J. Heart rate response of firefighters to actual 





207. Lemon PW, Hermiston RT. The human energy cost of fire fighting. J Occup Med. 
1977;19(8):558-562. 
208. Elsner KL, Kolkhorst FW. Metabolic demands of simulated firefighting tasks. 
Ergonomics. 2008;51(9):1418-1425. 
209. Dreger RW, Petersen SR. Oxygen cost of the CF-DND fire fit test in males and females. 
Appl Physiol Nutr Metab. 2007;32(3):454-462. 
210. Holmer I, Gavhed D. Classification of metabolic and respiratory demands in fire fighting 
activity with extreme workloads. Appl Ergon. 2007;38(1):45-52. 
211. Steptoe A, Kivimaki M. Stress and cardiovascular disease. Nat Rev Cardiol. 
2012;9(6):360-370. 
212. Karason K, Molgaard H, Wikstrand J, Sjostrom L. Heart rate variability in obesity and 
the effect of weight loss. Am J Cardiol. 1999;83(8):1242-1247. 
213. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an independent risk 
factor for cardiovascular disease: a 26-year follow-up of participants in the Framingham 
Heart Study. Circulation. 1983;67(5):968-977. 
214. Klein S, Burke LE, Bray GA, et al. Clinical implications of obesity with specific focus on 
cardiovascular disease: a statement for professionals from the American Heart 
Association Council on Nutrition, Physical Activity, and Metabolism: endorsed by the 
American College of Cardiology Foundation. Circulation. 2004;110(18):2952-2967. 
215. Wilson PW, D'Agostino RB, Sullivan L, Parise H, Kannel WB. Overweight and obesity 
as determinants of cardiovascular risk: the Framingham experience. Arch Intern Med. 
2002;162(16):1867-1872. 
216. Fahy RF, LeBlanc PR, Molis JL. Firefighter Fatalities in the United States - 2017. In: 
National Fire Protection Association. 2018. 
217. Fahs CA, Smith DL, Horn GP, et al. Impact of excess body weight on arterial structure, 




218. Geibe JR, Holder J, Peeples L, Kinney AM, Burress JW, Kales SN. Predictors of on-duty 
coronary events in male firefighters in the United States. Am J Cardiol. 2008;101(5):585-
589. 
219. McTigue K, Larson JC, Valoski A, et al. Mortality and cardiac and vascular outcomes in 
extremely obese women. JAMA. 2006;296(1):79-86. 
220. Peeters A, Barendregt JJ, Willekens F, Mackenbach JP, Al Mamun A, Bonneux L. 
Obesity in adulthood and its consequences for life expectancy: a life-table analysis. Ann 
Intern Med. 2003;138(1):24-32. 
221. Poston WS, Jitnarin N, Haddock CK, Jahnke SA, Tuley BC. Obesity and injury-related 
absenteeism in a population-based firefighter cohort. Obesity (Silver Spring). 
2011;19(10):2076-2081. 
222. Kales SN, Soteriades ES, Christophi CA, Christiani DC. Emergency duties and deaths 
from heart disease among firefighters in the United States. N Engl J Med. 
2007;356(12):1207-1215. 
223. Pronk NP, Martinson B, Kessler RC, Beck AL, Simon GE, Wang P. The association 
between work performance and physical activity, cardiorespiratory fitness, and obesity. J 
Occup Environ Med. 2004;46(1):19-25. 
224. Ostbye T, Dement JM, Krause KM. Obesity and workers' compensation: results from the 
Duke Health and Safety Surveillance System. Arch Intern Med. 2007;167(8):766-773. 
225. Walton SM, Conrad KM, Furner SE, Samo DG. Cause, type, and workers' compensation 
costs of injury to fire fighters. Am J Ind Med. 2003;43(4):454-458. 
226. Soteriades ES, Hauser R, Kawachi I, Christiani DC, Kales SN. Obesity and risk of job 
disability in male firefighters. Occup Med (Lond). 2008;58(4):245-250. 
227. Elliot DL, Goldberg L, Kuehl KS, Moe EL, Breger RK, Pickering MA. The PHLAME 
(Promoting Healthy Lifestyles: Alternative Models' Effects) firefighter study: outcomes 
of two models of behavior change. J Occup Environ Med. 2007;49(2):204-213. 
228. MacKinnon DP, Elliot DL, Thoemmes F, et al. Long-term effects of a worksite health 




229. Brunner EJ, Rees K, Ward K, Burke M, Thorogood M. Dietary advice for reducing 
cardiovascular risk. Cochrane Database Syst Rev. 2007(4):CD002128. 
230. Muller-Riemenschneider F, Reinhold T, Nocon M, Willich SN. Long-term effectiveness 
of interventions promoting physical activity: a systematic review. Prev Med. 
2008;47(4):354-368. 
231. Hillsdon M, Foster C, Thorogood M. Interventions for promoting physical activity. 
Cochrane Database Syst Rev. 2005(1):CD003180. 
232. Swinburn B, Sacks G, Ravussin E. Increased food energy supply is more than sufficient 
to explain the US epidemic of obesity. Am J Clin Nutr. 2009;90(6):1453-1456. 
233. Haskell WL, Lee IM, Pate RR, et al. Physical activity and public health: updated 
recommendation for adults from the American College of Sports Medicine and the 
American Heart Association. Med Sci Sports Exerc. 2007;39(8):1423-1434. 
234. Garber CE, Blissmer B, Deschenes MR, et al. American College of Sports Medicine 
position stand. Quantity and quality of exercise for developing and maintaining 
cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: 
guidance for prescribing exercise. Med Sci Sports Exerc. 2011;43(7):1334-1359. 
235. U.S. Department of Health and Human Services and U.S. Department of Agriculture. 
2015–2020 Dietary Guidelines for Americans. 8th ed. 2015 Dec. Available from: 
http://health.gov/dietaryguidelines/2015/. 
236. Harris JA, Benedict FG. A biometric study of the basal metabolism in man Washington, 
DC: Carnegie Instituion of Washington; 1919 Publication No 279. 
237. Nelson KM, Weinsier RL, Long CL, Schutz Y. Prediction of resting energy expenditure 
from fat-free mass and fat mass. Am J Clin Nutr. 1992;56(5):848-856. 
238. Pasiakos SM, Lieberman HR, Fulgoni VL, 3rd. Higher-protein diets are associated with 
higher HDL cholesterol and lower BMI and waist circumference in US adults. J Nutr. 
2015;145(3):605-614. 
239. Farnsworth E, Luscombe ND, Noakes M, Wittert G, Argyiou E, Clifton PM. Effect of a 




concentrations in overweight and obese hyperinsulinemic men and women. Am J Clin 
Nutr. 2003;78(1):31-39. 
240. Deutz NE, Bauer JM, Barazzoni R, et al. Protein intake and exercise for optimal muscle 
function with aging: recommendations from the ESPEN Expert Group. Clin Nutr. 
2014;33(6):929-936. 
241. Parker B, Noakes M, Luscombe N, Clifton P. Effect of a high-protein, high-
monounsaturated fat weight loss diet on glycemic control and lipid levels in type 2 
diabetes. Diabetes Care. 2002;25(3):425-430. 
242. Hirsch KR, Tweedell AJ, Kleinberg CR, et al. The Influence of Habitual Protein Intake 
on Body Composition and Muscular Strength in Career Firefighters. J Am Coll Nutr. 
2018:1-7. 
243. National Fire Protection Association. NFPA 1582: Standard on Occupational 
MedicalProgram for Fire Departments. 
244. National Volunteer Fire Council. NVFC Heart Healthy Firefighter Program, 2004 and 
2005 Summary of Screening Results. Available at: http://www.healthy-
firefighter.org/files/documents/2006nvfcsummarycharts.pdf. . 
245. Poston WS, Haddock CK, Jahnke SA, Jitnarin N, Day RS. An examination of the 
benefits of health promotion programs for the national fire service. BMC Public Health. 
2013;13:805. 
246. Ajzen I. The theory of planned behavior. Organizational Behavior and Human Decision 
Processes. 1991;50(2):179-211. 
247. Fishbein M, Ajzen I. Belief, attitude, intention and behavior: An introduction to theory 
and research. 1975. 
248. Ajzen I. Perceived behavioral control, self-efficacy, locus of control, and the Theory of 
Planned Behavior. J Appl Soc Psychol. 2002;32(4):665-683. 
249. Bandura A. Social foundations of thought and action: A cognitive social theory. 1986. 




250. Dzewaltowski DA, Noble JM, Shaw JM. Physical Activity Participation: Social 
Cognitive Theory versus the Theories of Reasoned Action and Planned Behavior. J Sport 
Exerc Psychol. 1990;12(4):388-405. 
251. Terry DJ, O'Leary JE. The theory of planned behaviour: the effects of perceived 
behavioural control and self-efficacy. Br J Soc Psychol. 1995;34 ( Pt 2):199-220. 
252. Hagger MS, Chatzisarantis NLD, Biddle SJH. A meta-analytic review of the Theories of 
Reasoned Action and Planned Behavior in physicalactivity: predictive validity and the 
contribution of additional variables Journal of Sport and Exercise Psychology 
2002;24(1):3-32. 
253. Hagger MS, Chatzisarantis N, Biddle SJ. The influence of self-efficacy and past 
behaviour on the physical activity intentions of young people. J Sports Sci. 
2001;19(9):711-725. 
254. Boudreau F, Godin G. Using the Theory of Planned Behaviour to predict exercise 
intention in obese adults. Can J Nurs Res. 2007;39(2):112-125. 
255. Brickell TA, Chatzisarantis NL, Pretty GM. Using past behaviour and spontaneous 
implementation intentions to enhance the utility of the theory of planned behaviour in 
predicting exercise. Br J Health Psychol. 2006;11(Pt 2):249-262. 
256. Armitage CJ, Conner M. Distinguishing Perceptions of Control From Self‐Efficacy: 
Predicting Consumption of a Low‐Fat Diet Using the Theory of Planned Behavior 1. 
Journal of applied social psychology. 1999;29(1):72-90. 
257. Choi B, Steiss D, Garcia-Rivas J, et al. Comparison of body mass index with waist 
circumference and skinfold-based percent body fat in firefighters: adiposity classification 
and associations with cardiovascular disease risk factors. Int Arch Occup Environ Health. 
2016;89(3):435-448. 
258. Heo M, Faith MS, Pietrobelli A, Heymsfield SB. Percentage of body fat cutoffs by sex, 
age, and race-ethnicity in the US adult population from NHANES 1999-2004. Am J Clin 
Nutr. 2012;95(3):594-602. 
259. Morse CI, Wust RC, Jones DA, de Haan A, Degens H. Muscle fatigue resistance during 





260. Moon JR, Stout JR, Smith AE, et al. Reproducibility and validity of bioimpedance 
spectroscopy for tracking changes in total body water: implications for repeated 
measurements. Br J Nutr. 2010;104(9):1384-1394. 
261. Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development of recommendations 
for SEMG sensors and sensor placement procedures. J Electromyogr Kinesiol. 
2000;10(5):361-374. 
262. Wilhelm FH, Rattel JA, Wegerer M, et al. Attend or defend? Sex differences in 
behavioral, autonomic, and respiratory response patterns to emotion-eliciting films. Biol 
Psychol. 2017;130:30-40. 
263. LaRoche DP, Roy SJ, Knight CA, Dickie JL. Elderly women have blunted response to 
resistance training despite reduced antagonist coactivation. Med Sci Sports Exerc. 
2008;40(9):1660-1668. 
264. Beck TW, Housh TJ, Johnson GO, et al. Comparison of the fast Fourier transform and 
continuous wavelet transform for examining mechanomyographic frequency versus 
eccentric torque relationships. J Neurosci Methods. 2006;150(1):59-66. 
265. Oskoei MA, Hu H. Support vector machine-based classification scheme for myoelectric 
control applied to upper limb. IEEE Trans Biomed Eng. 2008;55(8):1956-1965. 
266. Borg G. Psychophysical scaling with applications in physical work and the perception of 
exertion. Scand J Work Environ Health. 1990;16 Suppl 1:55-58. 
267. Subar AF, Thompson FE, Kipnis V, et al. Comparative validation of the Block, Willett, 
and National Cancer Institute food frequency questionnaires : the Eating at America's 
Table Study. Am J Epidemiol. 2001;154(12):1089-1099. 
268. Thompson FE, Subar AF, Brown CC, et al. Cognitive research enhances accuracy of food 
frequency questionnaire reports: results of an experimental validation study. J Am Diet 
Assoc. 2002;102(2):212-225. 
269. Flack KD, Siders WA, Johnson L, Roemmich JN. Cross-Validation of Resting Metabolic 




270. Ghahremani L, Niknami S, Nazari M. The prediction of physical activity intention and 
behavior in elderly male residents of a nursing home: a comparison of two behavioral 
theories. Iran J Med Sci. 2012;37(1):23-31. 
271. Naughton P, McCarthy SN, McCarthy MB. The creation of a healthy eating motivation 
score and its association with food choice and physical activity in a cross sectional 
sample of Irish adults. Int J Behav Nutr Phys Act. 2015;12:74. 
272. Kerner MS, Grossman AH. Scale construction for measuring attitude, beliefs, perception 
of control, and intention to exercise. J Sports Med Phys Fitness. 2001;41(1):124-131. 
273. Gerstner GR, Thompson BJ, Rosenberg JG, Sobolewski EJ, Scharville MJ, Ryan ED. 
Neural and Muscular Contributions to the Age-Related Reductions in Rapid Strength. 
Med Sci Sports Exerc. 2017;49(7):1331-1339. 
274. Nunnally JC. Psychometric theory. 2nd edition ed. New York: McGraw-Hill; 1978. 
275. Rousseeuw PJ, van Zomeren BC. Unmasking multivariate outliers and leverage points. 
Journal of the American Statistical Association. 1990;85(411):633-639. 
276. da Silva AA, do Carmo J, Dubinion J, Hall JE. The role of the sympathetic nervous 
system in obesity-related hypertension. Curr Hypertens Rep. 2009;11(3):206-211. 
277. Tomlinson DJ, Erskine RM, Morse CI, Winwood K, Onambele-Pearson G. The impact of 
obesity on skeletal muscle strength and structure through adolescence to old age. 
Biogerontology. 2016;17(3):467-483. 
278. Sheaff AK, Bennett A, Hanson ED, et al. Physiological determinants of the candidate 
physical ability test in firefighters. The Journal of Strength & Conditioning Research. 
2010;24(11):3112-3122. 
279. Rhea MR, Alvar BA, Gray R. Physical fitness and job performance of firefighters. 
Journal of strength and Conditioning Research. 2004;18(2):348-352. 
280. Michaelides MA, Parpa KM, Henry LJ, Thompson GB, Brown BS. Assessment of 
physical fitness aspects and their relationship to firefighters' job abilities. The Journal of 




281. Thompson BJ, Ryan ED, Sobolewski EJ, et al. Relationships between rapid isometric 
torque characteristics and vertical jump performance in Division I collegiate American 
football players: Influence of body mass normalization. The Journal of Strength & 
Conditioning Research. 2013;27(10):2737-2742. 
282. Rossi S, De Capua A, Tavanti M, et al. Dysfunctions of cortical excitability in drug-naive 
posttraumatic stress disorder patients. Biol Psychiatry. 2009;66(1):54-61. 
283. Southwick SM, Paige S, Morgan CA, 3rd, Bremner JD, Krystal JH, Charney DS. 
Neurotransmitter alterations in PTSD: catecholamines and serotonin. Semin Clin 
Neuropsychiatry. 1999;4(4):242-248. 
284. Stock MS, Beck TW, DeFreitas JM. The effects of diverting activities on recovery from 
fatiguing concentric isokinetic muscle actions. J Strength Cond Res. 2011;25(7):1911-
1917. 
285. Newlin DB, Levenson RW. Pre-ejection period: measuring beta-adrenergic influences 
upon the heart. Psychophysiology. 1979;16(6):546-553. 
286. Gamble KR, Vettel JM, Patton DJ, et al. Different profiles of decision making and 
physiology under varying levels of stress in trained military personnel. Int J 
Psychophysiol. 2018;131:73-80. 
287. Hunter SK, Lepers R, MacGillis CJ, Enoka RM. Activation among the elbow flexor 
muscles differs when maintaining arm position during a fatiguing contraction. J Appl 
Physiol (1985). 2003;94(6):2439-2447. 
288. Ebenbichler GR, Kollmitzer J, Glockler L, Bochdansky T, Kopf A, Fialka V. The role of 
the biarticular agonist and cocontracting antagonist pair in isometric muscle fatigue. 
Muscle Nerve. 1998;21(12):1706-1713. 
289. Levenez M, Kotzamanidis C, Carpentier A, Duchateau J. Spinal reflexes and coactivation 
of ankle muscles during a submaximal fatiguing contraction. J Appl Physiol (1985). 
2005;99(3):1182-1188. 





291. Mannion AF, Dolan P. Relationship between myoelectric and mechanical manifestations 
of fatigue in the quadriceps femoris muscle group. Eur J Appl Physiol Occup Physiol. 
1996;74(5):411-419. 
292. Solomonow M, Baten C, Smit J, et al. Electromyogram power spectra frequencies 
associated with motor unit recruitment strategies. J Appl Physiol (1985). 
1990;68(3):1177-1185. 
293. Viitasalo JH, Komi PV. Signal characteristics of EMG during fatigue. Eur J Appl Physiol 
Occup Physiol. 1977;37(2):111-121. 
294. Gerdle B, Karlsson S, Crenshaw AG, Elert J, Friden J. The influences of muscle fibre 
proportions and areas upon EMG during maximal dynamic knee extensions. Eur J Appl 
Physiol. 2000;81(1-2):2-10. 
295. Evarts B, Molis JL. United States Firefighter Injuries 2017. In: National Fire Protection 
Association. 2018. 
296. Centers for Disease Control and Prevention. Early release of selected estimates based on 
data from the 2018 National Health Interview Survey. Available from: 
https://www.cdc.gov/nchs/nhis/releases/released201905.htm#7A. 2019. 
297. Holle R, Hochadel M, Reitmeir P, Meisinger C, Wichmann HE, Group K. Prolonged 
recruitment efforts in health surveys: effects on response, costs, and potential bias. 
Epidemiology. 2006;17(6):639-643. 
298. Lichtman SW, Pisarska K, Berman ER, et al. Discrepancy between self-reported and 
actual caloric intake and exercise in obese subjects. N Engl J Med. 1992;327(27):1893-
1898. 
299. Jakicic JM, Polley BA, Wing RR. Accuracy of self-reported exercise and the relationship 
with weight loss in overweight women. Med Sci Sports Exerc. 1998;30(4):634-638. 
300. Johansson L, Solvoll K, Bjorneboe GE, Drevon CA. Under- and overreporting of energy 
intake related to weight status and lifestyle in a nationwide sample. Am J Clin Nutr. 
1998;68(2):266-274. 
301. Kasten S, van Osch L, Eggers SM, de Vries H. From action planning and plan enactment 
to fruit consumption: moderated mediation effects. BMC Public Health. 2017;17(1):832.  
